This may not be the latest edition.
AD2-120-A049

6m¢ Radiometer Space Chamber

Users’ Manual

Advanced Engineering Services Co., Ltd.



This may not be the latest edition.

ASCEIL, AD2-120-A004 [6m ¢ FIHFEAR—AF ¥ LN YIREZFER L7Z2HDOTHY . IR T
HDHZ LB EENTOVER A,

BRI Z W CORRMRABRFHZ S 7> Tk, LT LB WEDbED b, &HEHz
THER T2 &0,

tfed_rikatsu@aes.co.jp

This document was translated from first edition of AD2-120-A004 “6m¢ Radiometer Space
Chamber Users’ Manual”, which may not be the latest edition. Please contact the following
address for the confirmation of the latest edition or if you have any inquiry concerning the

contents of the English edition.

tfed_rikatsu@aes.co.jp



mailto:tfcd_rikatsu@aes.co.jp
mailto:tfcd_rikatsu@aes.co.jp

This may not be the latest edition.

Table of Contents

O [ oo (Ut o] o I ST T T TP PP PO PURTRUORPON 1
2. Brief OVerview Of thiS FACHITY .......ccoiiiiiiee ettt na e re e nee s 2
B I V1 =10 T 11 1 -SSR 2
2.2. MaIN SPECITICALIONS .. .evveeieieseeiese sttt sttt e st et e s te e s e s ae s beese et e sbesbeeneeseneesseeneeseenbesneeneenreas 4
2.2.1. Monitor and CONIOI SYSTEIM........ccuiiiiieieie sttt e e sbesreese e e sresteeneeneenreas 5
2.2.2. VaCUUIM VESSEI SYSTEIM .....eiieieieie ettt sttt et sbeese e s e sbesteesaenneseenteeneeneenrens 5
2.2.3. VaCUUM EQUIPMENT SYSTBIM .....viiiiieiieeiesie sttt sttt ste et st sbeeseeseesaesseeneeseestesneeneeneenes 10
O O T [T T Tl 1 (=] o 10
2.2.5. Power supply SyStem fOr IR HEALEIS ........cccviieiereiesiee st 12
2.2.6. ViIbration 1S01ation SYSIEM........ciiiiiiieieie sttt sbe e srestesnee e e neenes 14
2.2.7. Data ACQUISTTION SYSTEIM .. .ccuiieiiiiieieeie sttt e et e e s e b e besreesee s testesteeneeneenresreeneeneenes 20
P T 110 =T [0 4T o 21
2.2.9. GAUYELS QNG SPAIES.....eeueieiieieeeesiese st et e ste s e sre et e testesre et e stesteese e tesaesteeseessesbesseeseeeeabesseeneeseenresneeneeneenes 23

B USEI I/ bbbt b b e R b bR R bR R R E e bR R b e Rt bR Rt b e e 26
3.1. Configuration between Inside and Outside of Space Chamber ...........cccocvvivereiierie s 26
3.2. Measurement and CONLrol ROOIM..........oiiiiiiiiee bbb bbb 26
BL3. DIBVICE I/FS...ceieeeeete et bbb b btk b E bR R R R R bR b e Rt b bbbt b ae e 26
3L3LL. WACUUIM VESSEL ...ttt b bbbt bt bbbt bbbtk b e b e bt bbb 26
TR 0 O V0 1= 0T o Y (=] o PSS 65
3.3.3. POWEr SUPPHIES TOr HEAL SOUICES........eeeeieiiiteeee ettt sre e e saesresnaeneenre s 65
3.3L4. CONION IMIOUE. ...ttt b bt bbbt b bbbt bt eb e b se e b s b e b e eb e ebe b b 67
3L3.5. LIMUE FUNCHION ..ot bbb b bbb bbb b e bbb b b 71
3.3.6. VIDration Control SYSIEIM ......cciiiiiiiieie et b et s re e e e saesresneeneenrens 77
3.3.7. Data ACQUISTTION SYSTEIM.....ccuiiiiiiiieiieie ettt e st steste e s e bestesneeseenaesresneeneenrens 78
3.3.8. ULITILY FACIILIES ....eevveeeeeee ettt ettt e st et e ae s te e st e besbesneeseenaeseenneeseenrens 84

KR s Tod 1 1120 =] ] T g0 S 88

K TR TR = U 11 o T T SR 89
4. EXECULION OF TESES. ...ttt ettt h bbb bbb bbb b bRt e b e bbb e bt b e e b e e st et e b b e 101
4.1. Test-related WOIK PrOCEAUIE........cooiiiieeeee ettt bbb et b e b bbb 101
4.2, TESEPTOCEUUIE ...ttt bbb b bbb b b e Rt b e b e b e b bt ekt e bt e b e e bt e bt e b b e st et e s benbe e enes 102
4.2.1. General DeSCriPtioN OF TS ......ccciiiireieie st te et st sre e esaesaeeneesaenrens 102
4.2.2. Standard Chamber VACUUM CUIVE, BIC. ......covvvieiierieeeeeiie e s eetee e s st e e s et ee s s setbesessbaeeesssbessesesbesessseesens 104

4.3. Power Failure ProteCtiVE IMBASUIES ........coueiiiiiiiieieicite sttt bbb b bbb b 105
A4, OLNEE REMAIKS ...ttt ettt b b bbb b e h e bt e b e b e b e Rt e b e e b e b et e bt e b nb e b e st ebenbesbe e ens 108
4.5. Documents to be Submitted at K/O MEELING ........ccciiiiiieec et 114
Appendix A Correspondence Table of Channels between Terminal Boards inside Vessel and Data Loggers...... A-0



This may not be the latest edition.

List of Figures
Figure 2-1 External View of 6 m@ Radiometer Space Chamber ............cooeiiiiiiiie e 2
Figure 2-2 System Diagram and Tree Diagram of 6m¢ Radiometer Space Chamber Facility.........c.ccccovrvrrenrinen. 3
Figure 2-3 Diagram of Monitor and CONtrol SYSLEIM..........couiiiiiiiiieie e 5
Figure 2-4 External View of TS INStallation DEVICE. .........ccoviiiiiiiiiieise it 8
Figure 2-5 Supporting Bench with Cooling Panel.............coooiiiiiiii e 11
Figure 2-6 SUPPOITING BENCR..........ciiiiiiiiieiee bbbt bbb bbb b e b et b b 11
Figure 2-7 External View of Power Supplies for HEat SOUICES...........cciiriieiiiieeeere e 13
Figure 2-8 System Diagram of Vibration 1S01ation SYStEM ..........cccceiiiiiiiiiiiiis e 15
FIQUIe 2-9 OPLICAI BENCR. ...ttt bttt b e bt b e b bt b e bbb n et e b b 16
Figure 2-10 SEISMIC SIAD ..o bbb bbbt bbb ae b 17
Figure 2-11 System Diagram of Vibration ANAIYZET ..........ccciiiiiiiiiie e 19
Figure 2-12 System Diagram of Data ACQUISITION SYSTEM .......ccoiiiiiiiiiiiieeee e 20
FIQUIE 2-13 CIEAN BOOLN ...ttt bbbt bbbt sb e e nesbe e b 22
FIQUIE 2-14 CalOFIMETET .....eviieeieeeee ettt bbbt bt s et s b e bt e b et e s bt e st e be st e st e e neebesbenee e e 24
Figure 2-15 WBD Example of Calorimeter to Power Supply for Heat SOUICES.........cccovvvriiereniiieneneese e 25
Figure 3-1 System Diagram for Operation in Preparation ROOM ...........cccoeriiiiiiniieise e 27
Figure 3-2 Configuration of Devices in Measurement and Control ROOM............ccccoveiiviininennic s 28
Figure 3-3 Configuration of Feed-through Terminal NOZZIES ..........cccciiiiiiiiiiii e 29
Figure 3-4 WBD Diagram of Feed-through Terminal ...........ccocviiiiiiiiie e 34
Figure 3-5 WBD Diagram of Signal LINES FOr TS.......cooci i 35
Figure 3-6 WBD Diagram Of EP LINES FOr TS .....oeiiiiieieieese ettt 36
Figure 3-7 WBD Diagram of Thermocouples/Calorimeters for TS, and Thermocouple Spare Lines.................... 37
Figure 3-8 WBD Diagram of Temperature SENSOIS fOr TS ......ccoiiiiioiiieieres e 38
Figure 3-9 WBD Diagram of SBG Temperature MeaSUFEMENT...........ccccceruerieirererienieenie e sieeee e seeseseeseesee e 39
Figure 3-10 WBD Diagram of 2 KW IR Power SUPPIY RACK...........cociiiiiiieieere e 40
Figure 3-11 WBD Diagram of 60W IR POWer SUPPIY RACK .........cc.oiiiiiiiiieice st 41
Figure 3-12 Feed-through Terminal for Coaxial Cables 0f TS ..o 42
Figure 3-13 Inner-vessel Permanent Terminal Boards — I, I, H.........cccoooiiiiiiii e 43
Figure 3-14 External Input Terminal Boards — I, Il .......ccoooieiiiiiiie e 44
Figure 3-15 Thermocouple Socket Contact (manufactured by Hitachi Power Semiconductor Device, Ltd.)........ 45
Figure 3-16 Configuration OF HArd POIS..........coiiiiiiiie et 47
Figure 3-17 Load Capacity of Supporting Benches with and without Cooling Panel ............ccccccooviineiicininen. 48
Figure 3-18 Load Capacity of Body Shroud Hard POIt...........ccoiiiiiiiiie s 48
Figure 3-19 Schematic View of Hard Port for Optical Bench Maintenance.............cccoevvrvennenineie s 49
Figure 3-20 System Diagram OF POIS FOr TS ... e e 53
Figure 3-21 Diagram of Grayloc COnNECOr fOr LIN2........ccoouiiiriiiiieeiiesee e 54
Figure 3-22 Diagram of Supply Port FIaNge fOr GNa.......cccoiiiiiiiiiiieee s 55
Figure 3-23 Procedure Of TS INSEAIATION ........ccooviviiiiiiiee e e 57
Figure 3-24 Diagram of Optical Window Mounting FIANGE..........ccoeiriiiiiine e 58



This may not be the latest edition.

Figure 3-25 OPLICAl WINUOW .......cveiiiiiiiecieicste sttt sttt e s te e et s te st e e st e sbesbesneeneestestesnaeneeneens 59
Figure 3-26 Mounting Positions of Optical WINAOWS ...........cocviiiiiiiie et 60
Figure 3-27 WOrk FIoors inSide VaCUUM VESSEL .........ccoiiiiiiiiiiieieee ettt e 62
Figure 3-28 Movable Operation BENCH .........ccooiiiiiii e 63
Figure 3-29 WOIKING PIAtFOIM ..o ettt b et b e b b 64
Figure 3-30 Diagram OF SBG SUPPOIT.......ccciiiriiirieesieite ettt st sttt b b et sbe b e ebesbe b e e sesbesee b e e 65
Figure 3-31 Grayloc Connector for SBG-CO0IING HE.......c.ooviiiiiiiiee e 65
Figure 3-32 Work Floor Rails (When mounting SBG)........ccciiiiiiiiiiie st 65
Figure 3-33 System Diagram 0f HOISHIC SYSLEIM .......coiiiiiiiiiie e e 65
Figure 3-34 System Diagram of Power Supply Racks for IR HEaters............cocoviiiiieiinineneec e 66
Figure 3-35 CONNECLION OF RTDS .....ccuiiiiiiieiiiieieieies ettt bbb bbb bbb b e e b e b b 80
Figure 3-36 Wire Breakage DeteCtion CIFCUIL.........cccoiiiiiiieiie et 81
Figure 3-37 Outline Flow of Clean BOOth OPEration ...........cccvveriiiiieiine e 85
Figure 3-38 Height inSide CIean BOOtN .........ccciiiiiiiiiiiieeese sttt 86
Figure 3-39 Configuration of Clean BOOth DUCLES...........ccoiieiiiiniiieicse e 87
Figure 3-40 Mounting BENCH (LAIGE) ........eveirierierieiee sttt sttt sttt sttt bbb et sbe e 91
Figure 3-41 Configuration of Distribution Boards/Plug SOCKet BOAIUS..........c.cccvvruireirienieniesese e 92
Figure 3-42 WBD Diagram of Distribution BOAIAS ...........coceiviiriiriiisiise e 93
Figure 3-43 Specifications of Socket at Lower Part of Distribution Board and Plug Socket Board (A)................ 94
Figure 3-44 Circuit Diagram of Branch Power Board for USEIS.........ccoviiireiiiinineieiese e 97
Figure 3-45 Movable Range of Crane in EaCh ROOM.........coiiiiiiiiiicie e 98
Figure 3-46 Diagram of Installation Sites for NVR PIAES........ccccoiiiiiiiiiieeere e 99
Figure 4-1 Test-related WOIK FIOW .........coooiiiiiiece e bbbt 101
Figure 4-2 Vacuum Curve in Standard Chamber, BIC. ......c.coiiiiiiiciicecece e e e 104
Figure 4-3 Standard Flow in Momentary Power Interruption and Power Failure ............ccooovevvieieieiccie s, 107
Figure 4-4 Inner-Chamber Pressure Transition during 20-minute Power Failure ..........c.ccocooevviienenecieienne, 108
Figure 4-5 Emergency Stop SWitch inSide ChambEr ..........c..coviiiiieirieie e 111

Figure 4-6 Locations of Emergency Stop Switches in Preparation Room and Measurement & Control Room .. 112

Figure 4-7 Location of Emergency Stop Switch on Emergency Stop Console Panel in Measurement & Control



This may not be the latest edition.

List of Tables
Table 2-1 Main Performance and Facility Specifications of 6 m¢ Radiometer Space Chamber..............c.ccocerurneee. 4
Table 2-2 Basic Specifications of MOVING DOIY.........ccocoiiiiiiie e 6
Table 2-3 Basic Specifications of TS Installation DollY ..o 7
Table 2-4 Basic Specifications of Supporting Bench with Cooling Panel..............ccocooiiiiiiiniiniice e 9
Table 2-5 Basic Specifications of SUPPOrting BENCH ..........oooiiiiiiiii s 9
Table 2-6 Basic Specifications of Power Supplies for Heat SOUICES.........c.coiiriiiiiieire e 12
Table 2-7 Basic Specifications of Optical BENCH ............ccooiiiiiiiii e 14
Table 2-8 Basic Specifications of Vibration ANalYZer ..o 18
Table 2-9 Basic Specifications of Data ACQUISITION SYSTEIM.........ccoiiiiiiiiiiisre e 20
Table 2-10 Basic Specifications of Clean BOOth ............cccccvoiiiiiiiicc e e 21
Table 3-1 Table Of FIANGES (1/2) ..ot e bbb b bbb b e s bbb 30
Table 3-1 Table OF FIANGES (2/2) ...c.voieeeieeeeee ettt bbbt b et ne bbb neas 31
Table 3-2 Table of Feed-through Terminals for Current/Thermocouples (1/2) (Simplified) .......ccccovereviiiiernnns 33
Table 3-2 Table of Feed-through Terminals for Current/Thermocouples (2/2) (Detailed) .........c.ccoovrereiviieiierienns 33
Table 3-3 TADIE OF HAIT POIS....c.iiiiciieiees ettt bbbt sb e ne st b nreneas 46
Table 3-4 Load Capacities Of HArd POIS..........ccccciiiiiiic ettt sbe e 46
Table 3-5 Load Capacity of Body Shroud Hard POIS ..........ccccceiiiiiiiiiiecc et 48
Table 3-6 Load Capacity of Hard Ports on Optical BENCh ..........cccccvoiiiiiiiicc e 49
Table 3-7 LISt OF TS LIN2 LINES ...veiiieiiiieiieieiee ettt bbb bbb et sbe b e ebe st b nbeneas 50
Table 3-8 General Description of TS C00liNG/HEAtING I/F.........ccoiiiiieiie e 51
Table 3-9 Rough Levels of LN, Feed Rate and Valve Opening Percentage ........ccocvvereerienerienisieseniesee e e 51
Table 3-10 Basic Specifications 0f SBG I/F ..ot bbb 65
Table 3-11 Composition of Primary Components in Power Supplies for Heat SOUrces...........cocoovevveveieieenennnn, 65
Table 3-12 Control System of POWer SUPPIY RACK ........ccoiiiiiiiiii e 67
Table 3-13 Control Methods and Descriptions of PID CoNtrol (1/2)........ccccvvieiiiiiiineese e 68
Table 3-13 Control Methods and Descriptions of PID CoNtrol (2/2)........cccoooeiiiiineiiie e 69
Table 3-14 Table of Limit FUNCLIONS (1/3) ..c..iiiiiiiieeiee ettt sttt e 72
Table 3-14 Table of Limit FUNCLIONS (2/3) ..ottt ettt sne e 73
Table 3-14 Table of Limit FUNCLIONS (3/3) .....iiiiiiiieeiee ettt st s 74
Table 3-15 Contents of Alert for Each Detection e (1/2).......cooeiiieiiiieieeece e 75
Table 3-15 Contents of Alert for Each Detection Item (2/2)........cccooieiiiiiiiieie e 76
Table 3-16 Correspondence between Acquisition Data and Channel NUMDbErS............cccooeevveviiiiieciccc e 79
Table 3-17 Recommended Usage Instructions for Wire Breakage Detection Function (1/2)........c.ccccoveevrieninnee 82
Table 3-17 Recommended Usage Instructions for Wire Breakage Detection Function (2/2)..........ccccoceevnveninee 83
Table 3-18 List 0f FaCility BEIONGINGS ......c.oiviiiiieiicie bbbt 88
Table 3-19 Basic Descriptions of Hand-pallet TrUCK.........c.ceiriiiiieireie e 89
Table 3-20 List of Distribution BOards fOr USEIS ........cccccviirieieiiiiieieiesie e 90
Table 3-21 SPECITiICAtION OF CrANES.......ccviiiiiieiiereee sttt sttt st b e besbesre e esesbesaeneenens 95
Table 3-22 SPECIfiCation OF UPS ..ottt sr e ne b sneseeneas 96



This may not be the latest edition.

Table 4-1 Test Methods Corresponding t0 TESt PUIMPOSES .....c.eiveiveeierieriesieeiesie e ssee e stesreeeeste e sreeee e sresneessesees 103
Table 4-2 Summary of Kinds of Tests and Environmental Conditions.............ccccveveiiiiiiecicii e 103
Table 4-3 Requirements fOr FACHILY ........coooiiii i bbb 115
Table 4-4 List of Nonmetallic Articles Brought into Space Chamber ... 116
Appendix A

Table A-1 Correspondence Table of Channels between Terminal Boards inside Vessel and Data Loggers (1/5)
Table A-1 Correspondence Table of Channels between Terminal Boards inside Vessel and Data Loggers (2/5)
Table A-1 Correspondence Table of Channels between Terminal Boards inside Vessel and Data Loggers (3/5)
Table A-1 Correspondence Table of Channels between Terminal Boards inside Vessel and Data Loggers (4/5)

aa A W N -

Table A-1 Correspondence Table of Channels between Terminal Boards inside Vessel and Data Loggers (5/5)



This may not be the latest edition.

1. Introduction

This users” manual is to provide necessary information to the users of 6m¢e Radiometer Space Chamber (referred
to as “this facility” hereafter) located in the 6m¢e Radiometer Space Chamber Building.

This facility is used for optic tests on different kinds of earth observation radiometers to be mounted on satellites,
or thermal vacuum tests on mid/small-size satellites and satellite components, in simulated space environments on
ground.

This facility can reduce the transmission of micro tremors from the ground or the vibration from vacuum pumps,
etc. to a test specimen (Mabbreviated as TS hereafter) to the maximum degree, by adopting an isolated base, so
that high-precision optical instruments, etc., can be the subject for a test. Furthermore, this facility achieves space
with high cleanliness, with its design to satisfy the cleanliness requirements for optical instruments while dealing
with both particulate and molecular contamination.

The major environments in outer space are high vacuum, cryogenic shade, etc. On the geostationary orbit which
is about 36,000 km above the surface of the earth, those environments respectively reach the levels of about 1.3 x
10'Pa and 3K, the latter being an infinite heat absorber.

However, it is financially unfeasible to simulate such environments on ground as they are, and therefore this
facility provides vacuum pressure of 1.3 x 10-*Pa or less and shroud temperature of 100K or lower. In order to meet
the request of temperature planes to be 100K or lower, meanwhile, this facility is equipped with hard ports to mount
a space background panel, as well as a He refrigerator and a He supply flange which cool down the panel plane to
20K.

We can verify the reliability of satellite behaviors in space by extrapolating them from the accuracy

assessment on thermal designs under the simulated environments mentioned above.



This may not be the latest edition.

2. Brief Overview of this Facility
2.1. System Outline
The external view and system diagram of this facility are shown in Figures 2-1 and 2-2, respectively.

Figure 2-1 External View of 6 m¢ Radiometer Space Chamber
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2.2. Main Specifications

The main specifications of the whole facility are shown in Table 2-1.
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Table 2-1 Main Performance and Facility Specifications of 6 me Radiometer Space Chamber

item

performance/specifications

notes

(1) space chamber
(a) usable dimensions
(b)access door of chamber

(c) shroud temperature

(d)yMax. weight carriable in chamber
(e) vacuum pressure
@ operational vacuum
pressure

@ ultimate vacuum pressure

(f) pumpdown / repressurizing time
(g)Max. consecutive operation days

(h)black space

(i) space background temperature

(2) power supply for IR heaters

(a) power supplies for heat sources

(3) vibration isolation system
(a) optical bench dimensions
(b)optical bench eigenvalue

(c) relative displacement vibration

(d)relative angle vibration

mailbox type

6m (dia) x 8m (L)

6m (W) x 5.1m (H)

100K or lower,

or ambient temperature ~ 60°C
4,000 kg

1.33x10“Pa or less
(1x10%Torr or less)
1.33x105Pa or less
(1x10"Torr or less)
8 hours or less

45 days

95% or more

20K or lower

4 racks

4m x 6m x 0.5m (D)
30Hz or higher

1.0 um 0-P or less
0.3 prad P-P or less

dimensions inside shroud

incl. dolly

incl. jig

*1

for 1-min. sampling cycle
when using supporting bench with

cooling panel

6mo 60W power supply rack-1: 25
6meo 2 KW power supply rack-1: 10
6mo 2 KW power supply rack-2: 10"
6meo 3 KW power supply rack-1: 10

permanently equipped in chamber

bet. bench in chamber and slab outside

bet. bench in chamber and slab outside

*1  w/o TS, TS supporting bench, or IR radiation; shroud being cooled with LN, within 8 hours after the start

of pumpdown.

*2 2 kW power supply rack-2 and power supplies-3, 4 are not available.
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2.2.1. Monitor and Control System

This system enables intensive monitoring of the operational status in the space chamber via Human I/F Stations
(HIS) based on the process data of the vacuum equipment system, cryogenic system, etc., collected in the DCS
control station (Figure 2-3.)

HIS01 HIS02

OOooOoOoO| Ethernet HUB

<::| process data
<:> equipment, valves, etc.

DCS Control Station

Figure 2-3 Diagram of Monitor and Control System

2.2.2. Vacuum Vessel System

This system consists of a vacuum vessel and equipment for operation and maintenance. The brief explanation
of the system is provided as follows.

(1) Vacuum vessel

This cylindrical stainless-steel vessel is shaped like a mailbox, and has a storage space of 6-meter
diameter x 8-meter long (inside shroud.)

The mailbox-like shape of the vacuum vessel achieves a spacious working area and easy access to a
TS.

The vacuum pressure inside the vessel is measured by the Pirani gauge and ionization gauge mounted
on the vessel. Their measurement ranges cover successive measurement from the atmospheric pressure to
the ultimate vacuum pressure range, and the data is displayed on the control and monitor console in the
measurement and control room. They are also capable of continued measurement during power failure,
with the help of an uninterruptible power supply system.

The vacuum vessel has optical windows to be used for radiometer optical confirmation tests on both
sides of the vacuum vessel body part and the access door for a TS. There also are windows for alignment
measurement on side and top of the body part, and on the access door.

The alignment measurement windows have mounting seats for the ITV facility (cf. section 2.2.8) to

monitor the inside of the vacuum vessel.
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(2) TS installation device
The TS installation device is made up of a moving dolly, a TS installation dolly, and a supporting bench
with a cooling panel (or a supporting bench w/o a cooling panel.) The moving dolly and the TS installation
dolly can be moved with human power, owing to the air bearings attached to them which slightly lift them
up. Each of the dollies is briefly explained below. As for how to operate the TS installation device, refer
to 3.3.1.6. Its external view is shown in Figure 2-4.
(&) Moving dolly
The moving dolly can freely move in the preparation room with the TS installation dolly, the TS
supporting bench, and a TS mounted upon it. It also has a bridge board for moving the TS installation
dolly onto the optical bench in the vacuum vessel. Its brief specifications are shown below.

Table 2-2 Basic Specifications of Moving Dolly

item specification
dimensions 5m (width) x 7.25m (length) x 0.85m (height) (from floor surface)
load capacity Max. 12,400 kg (incl. TS and jig = 4,000 kg)
own weight 7,700 kg
drive system pushed by hands
movable range unpacking room, preparation room
length of air-supplying hose 30m
movable load (Max. pulling force) Max. 52 kg
air consumption 2.0 Nm3/ min
air pressure 0.39 MPa or more

(b) TS installation dolly
The TS installation dolly is used for mounting and dismounting the supporting bench with a
cooling panel or the supporting bench without a cooling panel from/onto the moving dolly onto/from
the optical bench in the vacuum vessel. The basic specifications of the TS installation dolly are shown

below.
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Table 2-3 Basic Specifications of TS Installation Dolly

item

specification

dimensions

load capacity

own weight

drive system

movable range

length of air-supplying hose
air consumption

air pressure

3.19m (width) x 5.16m (length) x 0.145m (height)

(to the upper end of the jack)

6,800 kg (incl. TS and jig = 4,000 kg)

2,100 kg

pushed by hands

moving dolly ~ on the optical bench inside the vacuum vessel
10m

2.0 Nm2/ min

0.39 MPa or more
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(c) TS supporting bench

Those supporting benches are used to mount a TS to place it inside the vacuum vessel. That is, a
TS is carried into the vessel by a TS installation device to be placed on the optical bench, while
mounted on a supporting bench all the way through. TS supporting benches can be mainly classified
into two kinds; one is a supporting bench with a cooling panel used for thermal vacuum tests, and the
other is a supporting bench (for optic tests) used for optical performance confirmation tests. The basic
specifications of the former are shown in Table 2-4 and Figure 2-5, while those of the latter are shown
in Table 2-5 and Figure 2-6. As can be seen from Tables 2-4 and 2-5, their load capacities withstand a
TS (including a jig) weighing up to 4.0t. Information on the I/F, e. g., the diameters of the screw holes
of hard ports, etc., is provided in section 3.3.1.3.

Table 2-4 Basic Specifications of Supporting Bench with Cooling Panel

item specification
dimension 5m (width) x 3.5m (depth)
Max. load mass 4,000 kg
mass of body about 2,800 kg
material aluminum alloy
surface temperature 100K or lower
(two out of the LN lines for cooling parts of a TS are used)

Table 2-5 Basic Specifications of Supporting Bench

item specification
dimension 5m (width) X 3.5m (depth)
Max. load mass 4,000 kg
mass of body about 2,200 kg
material alluminum alloy
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2.2.3. Vacuum Equipment System

This system consists of low and high vacuum systems which vacuum the vacuum vessel from the atmospheric
pressure to the high vacuum, and an atmospheric return system which raises the pressure inside the vacuum
vessel from the vacuum state to the atmospheric pressure condition with GN, and dry air.

The standard vacuum curve (without a TS) during a thermal vacuum test is shown in Figure 4-2.

2.2.4. Cryogenic System

This system consists of an aluminum-alloyed fin-tube type shroud that is cooled down to 100K or lower by
means of LN to establish cryogenic environment, and SBG (space background) cooling lines in the vacuum
vessel that are cooled down to 20K or lower by He gas to simulate deep space for radiation cooling. The SBG
itself is to be prepared by users. Refer to section 3.3.2.1 for the I/F to the facility. The SBG cooling lines are
currently in a dormant state, being not ready for use. Users are to contact the Environmental Test Technology
Unit if they want to use SBG cooling lines.

Note) It takes 12 months or longer to get them ready for use.

10
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2.2.5. Power supply System for IR Heaters

These devices are used for IR radiation thermal balance/thermal vacuum tests performed in 6me radiometer
space chamber, to supply specified EP to IR lamps as the IR light source or heaters which provide external
thermal input to a satellite, or to simulation heaters for the heat from the equipment mounted on a satellite.

The test data collected by those devices are transmitted to the data acquisition system in 6me radiometer
space chamber and recorded thereat.

Table 2-6 Basic Specifications of Power Supplies for Heat Sources

item specification
6mo 60W power 6mo 2 kW power 6mo 2 kW power 6mo 3 kW power
name
supply rack -1 supply rack -1 supply rack -2 supply rack -1
qty 25 10 10 10
output
DC60V DC100V DC100V DC100V
voltage
output
1A 20A 20A 30A
current
output EP 60W 2 kw 2 kw 3kw
control
remote control (temperature / constant power / manual voltage output control) / local control
method
notes 2 kW power supply rack -2 and power supplies No. 3, 4 are not available.

12
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6me 3 kW power
supply rack -1

6me 2 kW power
supply rack -1

6me 2 kW power
supply rack -2

6moe 60W power
supply rack -1

Figure 2-7 External View of Power Supplies for Heat Sources
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2.2.6. Vibration Isolation System
This system, which is made up of an optical bench, a seismic slab, and a vibration analyzer, is established to
avoid the bad influence of vibration that is propagated from outside during a radiometer optical confirmation test
performed in the space chamber. The schematic view and basic specifications of this system are shown in Figure

2-8 and below, respectively.

(1) Optical bench (Figure 2-9)
This bench is permanently equipped in the vacuum vessel, and used with a TS supporting bench, on
which a TS is mounted, fixed onto the bench. Its main posts are directly connected to the seismic slab via
bellows, penetrating through the vacuum vessel, which perfectly insulates vibration from the vacuum

vessel system.

Table 2-7 Basic Specifications of Optical Bench

item specification
dimensions 6m (length) x 4m (width) x 0.5m (height)
mass about 6,500 kg
material alluminum alloy (A5083P-O)
structure integrated with a weld box
main post 6 stainless steel pipes
bellows stainless steel
surface roughness 25 pm or less
flatness 600 um or less
eigen frequency optical bench alone: 30Hz or higher in all the directions
wi/ supporting bench: about 27Hz in Y direction

(2) Seismic slab (Figure 2-10)

The seismic slab is a large slab made of reinforced concrete which is separated from the building
foundation, the chamber foundation, and the machine foundation of the vacuum pumps, etc., to isolate
vibration from them.

When performing an optical confirmation test on radiometers, etc., relative vibration can be controlled
by placing the external light source on this seismic slab, that is, placing the light source and a TS on the
same foundation.

Eigen frequency: 20Hz or higher (for up/down and bending modes, according to analysis)

14
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Vacuum \essel

tical Bench | i
Optical Benc External Optical System

Acceleration Sensor

g Relative Angle

Vibration Analyzer
Vibration Measurement with Vibration Isolation System

Figure 2-8 System Diagram of Vibration Isolation System
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(3) Vibration analyzer
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The purpose of this vibration analyzer is to assess and verify the feasibility of an optical property

verification test on a TS especially in micro vibration environments amid the constraints of the vibration

turbulence specific to this facility. It is made up of measuring devices, e. g., accelerometers, drivers, etc.,

and a work station for analyzing data. The basic specifications and system diagram of the vibration

analyzer are shown in Table 2-8 and Figure 2-11, respectively.

If it is planned to be used, contact us 6 months in advance, because it requires a prior-to-use checking

by the facility-side personnel.

Table 2-8 Basic Specifications of Vibration Analyzer

item

specification

data to be dealt with

measurement spots

input
output
frequency range

number of measurement channels

contents of data analysis
accelerometer specification”

cryogenic accelerometer (393M33)

8 sets

high sensitivity accelerometer (393B12)
3 sets

high sensitivity accelerometer (393B31)
12 sets

calibration equipment

acceleration, relative displacement, relative angle

inside vacuum vessel: optical bench, shroud, vacuum vessel
outside vacuum vessel: seismic slab, optical window

deigital signals via accelerometers

output to monitor, or in digital (binary/text)/analogue data

1Hz ~ 1,000Hz

31 channels (incl.)

for accelerometers: 30 chs (inside vacuum vessel: 15 chs, outside
vacuum vessel: 15 chs)

for laser doppler displacement gauge: 1ch

+ PSD analysis - transfer function analysis « waveform analysis « FFT

analysis

measurement range (xG): 2.5

sensitivity (gal/V): 1,000

resolution (uG): 100

working temperature range (\C): —196 ~ +121
measurement range (xG): 0.5

sensitivity (gal/V): 100

resolution (uG): 8

working temperature range (\C): —46 ~ +82
measurement range (xG): 0.5

sensitivity (gal/V): 100

resolution (uG): 1

working temperature range ("C): —18 ~ +65
LV-2100 manufactured by Ono Sokki Co., Ltd. (laser doppler

displacement gauge)

* Accelerometers are fixed with heliserts. Pay enough attention to the screw parts, because they can easily be

jammed.

18
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2.2.7. Data Acquisition System
This system possesses a function to acquire, process, and save TS data and facility data during a test on a

satellite, etc., performed in this facility, while displaying the data in real time to the operator (viz. monitoring
function.) Its basic specifications are shown below. The system diagram of the acquisition system and a
correspondence table of thermocouple channels are shown in Figure 2-12 and Appendix A, respectively.

Table 2-9 Basic Specifications of Data Acquisition System

item specification
Max. consecutive test days 45 days (for sampling cycle = 1 minute)
number of measurement points | thermocouple: 550 chs
TQCM: 4 chs
measurement accuracy (1) temperature: +1.0C
uncertainty (incl. thermocouple sensors): 0.9C (k = 2)
:1.4C (k=3)

2) voltage: measurement range + 0.1%
2 g g

sampling rate 1 time/min OR 1 time/2 mins
Min. interval for thermocouple temperature measurement section = 1 sec

compatible thermocouple T-type
computer 1 for users
for display
computer 2 for users
for display

RL bas ABC HIS measurement

computer
computer 3 for facility
for display
Exaquantum

computer 4 for users
for display (preparation room)

Figure 2-12 System Diagram of Data Acquisition System
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2.2.8. Utility Equipment

@

)

®3)

ITV facility

The ITV facility is a TV system to monitor the ongoing state of equipment and work in this facility
from the measurement and control room. There are two cameras with a turning and zooming function
installed in the preparation room. There also exist two portable cameras (installed on the alignment
windows of the vacuum vessel from outside) to monitor the state inside the vacuum vessel. One of them
is a highly-sensitive type and the other is a normal type. There is no ITV camera installed inside the
vacuum vessel. The entire images taken by the cameras can be recorded up to 30 days in time-division
time lapse videos, allowing the required images to be copied on normal videos.

The jacks of the image/EP cables for the portable cameras are to be plugged in/out after making sure
that the power is turned off.
Communication system for operation

This system is made up of wired and wireless paging devices (multi-function telephones and cellular
phones (digital)) which enable mutual communication among test-concerned personnel and announcement
of instructions during the operation of the facility or preparation for testing ona TS.
Clean booth

A clean booth is designed to achieve and maintain a highly clean environment for the preparation and
execution of tests. Its basic specifications and external view are shown below and in Figure 2-13,

respectively.

Table 2-10 Basic Specifications of Clean Booth

item specification

performance, structure cleanliness: 1SO class 5  (equivalent of FED-STD-209 class 100)

location
installation environment

(inside vacuum vessel, preparation room) [cleanliness: ISO class 7 (equivalent of FED-STD-209 class 10,000)

temperature: set temperature (20 ~ 23°C) + 1°C
humidity: 50 + 10%

dimensions: 6m (width) x 4.6m (depth) x 3.5m (height)
mass: 3,000 kg

inside the preparation room or vacuum vessel

temperature: 23 £ 3°C

humidity: 50 + 10%
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2.2.9. Gadgets and Spares
(1) Mass-filter-type mass spectrometer (QMG220M3): 1 set

This device measures and analyzes the remnant gas components inside the vacuum vessel with its
guadrupole analyzer.

Mass measurement range: M/e =1 ~ 300

(2) Calorimeter (cf. Figures 2-14, 15): 30 sets
A calorimeter measures the radiant energy irradiated on a satellite from external heat sources, €. g., an

IR lamp, for the purposes of setting, monitoring, and controlling test conditions for each test on a satellite,
etc.

Measurement range: 0.1 kW/m? ~ 2.0 kW/m?

Compatible thermocouple: copper-constantan

(3) TQCM (Thermoelectric Quartz Crystal Microbalance): 4 sets
(@ TQCM

Application purpose: for monitoring contamination
Model #: MK10 sensor, MODEL 1900 processor, MODEL 1800 temperature controller,
manufactured by QCM Research Corp.

(b) TQCM mounting table
Mounting part: hard points on the TS supporting bench

Note) Cautions for mounting TQCM sensors
The temperature of a TQCM sensor may not go down if it is surrounded by heat sources, e. g., IR
panels, due to the thermal input from them. In that case, measures are to be taken by mounting
the sensor after its heat sink surface is cooled down, for example.
When using TQCM with its HEAT PUMP (Peltier device) turned on, use it at— 110°C or higher.
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heater leads

heater envelope area

black coated

942 (max)

/ black coated

thermocouple (optical receiver)

7

11

/ thermocouple (disk)

gold plating

C=FiI—D

enlarged view of part A
(appearance of contact pin)

non scale

manufactured by

~ . 0803-34-2033 (Cu}
Japan Deutsches co.

1056372 (Co)

specification

measurement range: 0.1~2.0 kW/m2

view angle: hemisphere

reproducibility: within +0.5% (note 1)
accuracy: within £0.3% (note 1)
response time: within 10 sec (note 2)
output level: -5 ~+7 mV

weight: 10 g or less (note 4)

applied thermocouple: copper-constantan!
solar absorptivity: 0.96 +0.0.2 (note 6)
hemisphere IR emissivity: 0.88 +0.04
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note

1. It denotes the tolerance to the full scale in measurement range.

2. It denotes the time to take for temperature on the optical receiver to
change by 10 “C when 1 solar is radiated on it with the initial
temperature of -180°C~-100°C.

3. Size tolerance shown below is to be followed when not specified.

. o ]
classification by nominal size[tolerance

over 500 ~ 1000 +5
over 1000 ~ 2000
-over 2000 ~ 3150

~6 +0.6
over6  ~18 +1
over18 ~50 +1.3
over50 ~120 +2
over 120 ~ 250 +25 |
over 250 ~ 500 +3.2 !

4. Heater leads, thermocouple wires, contact pins, and standard
supports are excluded.
5. Heater leads and thermocouple wires are to have a 0.1-mm-¢

(note 6) central line and 1-m length or more.
6. The measurement values are based on the sample coating.
name material  quantify
(1)[ optical receiver alumina 1
[@) case Al 1
[©) insulation Al Mylar 1
@) support polyimide resin | 3
&) disc Al 1

mounting holees. 5

Figure 2-14 Calorimeter
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calorimeter

optical receiver (Cu)

inside chamber
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outside chamber

—_—

compensation
thermocouple (Cu)

optical receiveF(Co)

disc (Cu)

compensation
thermocouple (Co)

compensation
thermocouple (Cu)

disc(Co) ?

Figure 2-15 WBD Example of Calorimeter to Power Supply for Heat Sources
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3. User I/F
3.1. Configuration between Inside and Outside of Space Chamber
A system diagram of the post-TS-installation state of this facility is shown in Figure 3-1.

3.2. Measurement and Control Room

The measurement and control room (1F) possesses controllers and monitors for each of the control and
monitor system and the data acquisition system.

The measured TS temperature, etc., can be checked in the data acquisition system, and the operation of the
setting monitoring computer, T-QCM console, vibration analyzer, clean booth operation console, and the power
supplies for heat sources is to be executed by users. If a TS is to be partially cooled or heated (cf. section 3.3.1.5),
inform the company in charge of the facility of the automatic valve aperture percentage.

Figure 3-2 shows the configuration of the devices in the measurement and control room.

3.3. Device I/Fs
3.3.1. Vacuum Vessel
3.3.1.1. Nozzle Configuration in Vacuum Vessel

There are nozzles with flanges all over the vacuum vessel as the I/Fs to connect the inside and outside of the
vessel (cf. Figure 3-3.) The nozzles not being used by the facility are available to users.

Especially, the main chamber body (to the measurement and control room side) has flanges for a TS with
specific purposes as signals, EP, thermocouples, waveguides, etc.

In case feed-through terminals other than the ones prepared by the facility are necessary, users are to prepare
the flanges with feed-through terminals to satisfy their designated purposes. A table of flanges is shown in Table
3-1.
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3| remnant gas analyzer (MSQ data

24 [IR power supply system (for high power)

580 (1) X 570 (0] %1600
54001 X100 {D) X!

25| IR power supply system (for low power)

3100 x1060 ID) X200

2% [MO disc file system (1)

1600 M1 %1000 1% 725

7| (missing number)

384 __|ITV system monitor _ (shelH#140 (W ¥ 300 D)X 600 un
288 _ |ITV system monitor (shelf) B4 04l x 800 I % 600 |
44~ [clean booth control consol | ABG0WIkIQ00MxI20IM ] 180
9 _[emergency stop operation console 1660 6 x) 000 13 %1200 W
1 handset -
323, 8 [telephone . _ e
134 B |desktop monitor, speaker _
M TQCM operation console 850 1#) X100 10) X100 ) 160

] '
35 [time & vacuum level display (17 inch monitor)
Xygen level warning revol

405 W x_ 450 (0] x 420 1H)

fuer part pit

Figure 3-2 Configuration of Devices in Measurement and Control Room
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Figure 3-3 Configuration of Feed-through Terminal Nozzles
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Table 3-1 Table of Flanges (1/2)

This may not be the latest edition.

sign nominal ¢ qty model # name note
straight cylindrical body 1, access door
N-1 | 1500 x 800 | 2 SPECIAL | man door .
straight cylindrical body 2, access door
N-2 1000¢ 3 SPECIAL | optical window .
straight cylindrical body 11, upper part
N-3 250A 19 JISVG alignment window
3, access door 5
for CC thermocouples (incl.
N-4 | 300A 4 JISVG for TS thermocouples
calorimeters, spares)
for IR power supplies (N-54 is for
N-5 | 300A 4 JISVG current inlet terminal
spare)
N-6 | 300A 5 JISVG current inlet terminal (100V, 5A) for TS signals
N-7 | 300A 1 JISVG high frequency output signal (coaxial)
only nozzles; N-81 can also be used for
N-8 | 300A 2 JISVG for waveguides
the alignment window.
N-9 | 300A 1 JISVG current inlet terminal (200V, 10A) for TS EP
N-10 [ 300A 5 JISVG spare nozzle
N-11 | 150A 1 stub end LNz piping IR gauge
N-12 | 125A 1 stub end LNz piping
N-13 | 150A 2 stub end LNz piping
N-14 | 200A 1 stub end LNz piping
N-15 | 250A 1 stub end LNz piping
N-16 | 150A 4 stub end LN: piping
N-17 | 250A 1 stub end He piping
N-18 | 1250A 4 SPECIAL | cryosorption pump
N-19 | 500A 4 JISVG turbo molecular pump
N-20 | 500A 1 JISVG low vacuum system, vacuuming port
N-21 | 100A 1 JISVG dry air inlet port
N-22 | 32A 1 ICF 70 residual gas analyzer pipe port
N-23 | 300A 1 JISVG current inlet terminal for vibration analysis
N-24 | 150A 3 JISVG GNz2 entrance
N-25 | 20A 1 JISVG Bourdon tube pressure gauge
N-26 | 32A 1 ICF 70 Pirani gauge
N-27 | 32A 1 ICF 70 BA gauge
N-28 | 100A 2 JISVG ionization gauge (nude gauge)
N-29 | 32A 1 ICF 70 ionization gauge (wide range A)
N-30 | 250A 1 JISVG GNz2 exit
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Table 3-1 Table of Flanges (2/2)

This may not be the latest edition.

N-31 | 50A 2 JISVG for scavenger cryopanel drains
N-32 | 300A 1 stub end for partial cooling of TS IR gauge
N-33 | 600A 2 JISVG for permanently equipped lighting
on the chamber head 1, on the bottom
N-34 | 500A 2 JISVG manhole (for operation)
of the body: 1
N-35 | 150A 3 JISVG GNz exit
N-36 | 15A 1 — GNz2 entrance
N-37 | 32A 1 ICF 70 for safety switches
for facility, shroud temperature
N-38 | 300A 1 JISVG
measurement
for facility, SBG temperature (incl. T-
N-39 | 300A 1 JISVG
QCM)
attached to the vacuuming port piping
N-40 | 150A 1 JISVG safety device
of low vacuum system
N-41 | 32A 1 ICF 70 ionization gauge (wide range B)
N-42 | 20A 1 JISVG diaphragm pressure gauge
N-43 | 300A 1 JISVG current inlet terminal for resistor temperature measurement
N-44 | 200A 1 stub end LNz piping
N-45 | 150A 1 stub end LNz piping
N-46 | 20A 1 JISVG oximeter
N-47 | 450A 6 JISVG nozzle for optical bench post

Note) The shaded lines denote the flanges available to users.
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3.3.1.2. WBD for EP, Signals, etc.
Refer to the following Figures and Tables for the cabling or the connector WBD between a TS and its check-

out devices, etc., inside and outside the chamber, and choose the appropriate items according to the purposes.

@)
)
®3)
(4)
(5)

(6)

(")

(8)
©9)

Table of Feed-through Terminals for Current/Thermocouples (for users)
WBD Diagram of Feed-through Terminal

WBD Diagram of Signal Lines (5A) for TS [plug signs Al ~ 100]
WBD Diagram EP Lines (10A) for TS [plug signs B1 ~ 11]

(Table 3-2)

(Figure 3-4)
(Figure 3-5)
(Figure 3-6)

WBD Diagram of Thermocouples/Calorimeters for TS, and Thermocouple Spare Lines [plug signs C1 ~

42,D1~5,N1~2]

(Figure 3-7)

WBD Diagram Temperature Sensors (thermistor platinum sensors) for TS [plug signs E1 ~ 13]

WBD Diagram of SBG Temperature Measurement [plug sings G1 ~ 3]
WBD Diagram of 2 kW IR Power Supply Rack (100V, 30A) [plug signs H1 ~ 15]
WBD Diagram of 60W IR Power Supply Rack (100V, 3A) [plug signs J1 ~ 6]

(10) Feed-through Terminal for Coaxial Cables of TS

(12) Inner-vessel Permanent Terminal Boards — I, 11, 111

(12) External Input Terminal Boards — I, |1

(Figure 3-8)

(Figure 3-9)

(Figure 3-10)
(Figure 3-11)
(Figure 3-12)
(Figure 3-13)
(Figure 3-14)

Note) For grounding, the same type of plug as shown in (8) is to be used, which is connected to Q1 on the

inner-vessel permanent terminal board (3); the pins A and B on Q1 respectively correspond to E3 and

SE3 for grounding.

[Notes for Wiring Thermocouples]

The thermocouple terminal receptacles on the inner-vessel permanent terminal boards (Figure 3-13) are

manufactured by Japan Deutsches co. while those on the external input terminal boards (Figure 3-14) are

manufactured by Hitachi Power Semiconductor Device, Ltd. The two companies’ receptacles have different

numbers of conductors and pin configurations, which requires attention to the following matters.

@

2
©)

(4)

The terminal pair on the Japan Deutsches’ connector that corresponds to the J-Q pair on the Hitachi Power

Semiconductor Device’s connector is J-C, due to the lack of terminal Q.

The terminals a and b on the Japan Deutsches’ connector are to be left unused.

Since the K-R and J-C pin pairs on the Japan Deutsches’ connector are located away from each other, the

order of WBD is to be determined with that fact taken into account.

The thermocouple plugs do not include socket contacts, which are therefore to be procured based on the

specifications shown below.

Manufactured by Japan Deutsches co.

Socket contact (Cu) : model # 0603-34-2039

Socket contact (constantan) : model # 105372

Manufactured by Hitachi Power Semiconductor Device, Ltd.

Socket contact (Cu) : Figure 3-15 NM-104-845-article # 1
Socket contact (constantan) : Figure 3-15 NM-104-845-article # 2
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sign [ purpose i [connector # [y salle timedsituation Figure
A signal line 100V/5A [A1~A100 499 |A29: not available 3-5.
wired from inside chamber ~ extomal nput teminal board
8 |ep 100v/10A [BI~BI1 44| wired from inside chamber ~ extemal nput terminal board_|3-6
c thermocounle CC C1~C42 479|C3:ch 2~12 not availsble 3-7
[C14:ch 12 ot avaiable
C28 : ch 12 not available
042 al 12chs not avaiabe
D calorimeter cc D1~D5 60
N pars CC I 11IN2 ch 12 not avaiable
E thermometric resistor |- E1~E13 30 |via converter board LP9 10 3-8
. platinum serfor to s acquistion system Gogzer
H FP 100V /30A H1~H15 30|H1 ~H5: connected to 2kW power sunolv rack-1 3-10
H6~H10:_connected to W power suool rack
[H11~H15: 2kW power supplv rack-2 (power suppiies No.3| 4 are not aviiable )
12 for aciiy supporting bench hester
J1~35  connected to G0N power supply
J_|ep 100v/3A  |ui~ue 30|}y U5 cennectedio S poversumy  J3-i
to be prepared by users
I(W{' ozzle allacatio I 7 inner-vessd permanent termind board vacuum vessel feedthroughtermind preparation room extemal input termiral board note
w | opplication pupose i 4l size | sign notes dust cap plug | receptacle | junctionshell | cable clamp cable clamp plug plug cable clamp cable clamp | junction shell ;|  receptacle plug | terminal# _|
1000 [10. x2 N-6 MS25043~18D|MSI106818-15|MS3102418=1P|CA2120-0|M53057-10A|MS30587~10A |M53106818~15[H3106518-1S[MS3057-10A|MS3057-L0A{CA2120-9HSI102A18~1P NS3I06B18-15,
1 TS signals GA) S08yggopeondciors |30XE) {5 ¢ 41 5x1 0 copductas0 100 1001 i00 100 100 100 100 100 100 100 TThoo o iee[A1~ALODO
T . Japan Avation Japan Aviation Japan Aviation Japan Aviation Japan Aviation | _Japan Aviation Japan Aviation Japan Aviation | _Japan Aviation Japan Aviation Japan Aviation | Japan Aviation Japan Aviation
onnector maker - -1 - - - - - |eectonis Tndisn) Eclorics s B ctroni  ndssif Eclonics Indisty] Ecclonics Tndustnd Elecionics Indus -
. i Uimted Uimied Uimted Uimted Ui Uimted Uimted Uimted Vimted Uinked Uimted Uimied Limied
T 3 60 | 8 x1) N-9 M525043-22D asalnﬁszz—zss Ms1102A22-23P cazlzo-it MS(IOS'] 12A MS 3057 12A [N3106822-235 W01 00D22-295 MSSDST L12A|MS3057-12A[CAR1 20— L 1 |WS3702422-23P |MS3106922-708 1 | _ J
2jrsepaon LAt | e pohallets |1om #12x8cofductord] S § 11 I i | 11 n U Bl-Bll ¢
I Japan Avation | Japan Avation | Japan Avaton Japan Avit n Avation | Japan Aviation Japan Aviation Japan Aviation | Japan Aviation Japan Aviation Japan Aviation | Japan Aviation Japan Aviation !
connector maker -] - - - - - - Eectoricd Tndustnd Eeconics Mmm Elotonis st o banics Igusty| Etronis Tndustn] Elecionios Inds -
— Limi Limited Limited Limited Limited Limited Limited . . { _|imited Limted Limited Limited Limited imite
100024 x14 N-4 TRTrn BE - noc | ATDSOLE-ZBPH- 18 _ | $4003-16-3014 M83057 16A | 1A3106824-285C | 147 106624-1285C MS 305 7~ 16A[MS3057—16A]CA2 1 20— 1 2| 1A3102A24-128PC k3 106824~ 1285¢ | . |
3 |78 thermacouple C.C. 300 gggyponductors |03y 5 [y §x24 aohductorkt R i i w Y 84 4z )| 4z It 1 O1-cez
- Japan Avation Hiachi Power | Htachi Power  Japen Avation | Japan Aviston | Japan Avation | Htachi Power | Hiachi Power
connector maker - - - - - - - [Japan Deutsches cdJapan Deutsches cqJapan Deutsches c - | Japan Deutsches D¢ Device, -
o Limited L Ltd Limited Limited Limited Ld
4 |calorimeter (60 oh) oo, 180 [ E e s (g N-t ba0-00aNIBS6-04| Bt TarDse-L6-26Ph- 1k B T94003-10-3014[MS 3057~ 15 | AT 06824-1285C] 1431 I6AZ4-J288C (MG 305 7~ L6 A|MS 305 7—16A[CA21 201 2| 143102A24-J24RC | JAT106B4-1 2886 [D 1~DS
Spare Qoch| ¥ ¥ f20 |asmlaar x7 | 4| #1824 copductord: 5 ’ ' 1 ? ] + 1 b 7 1 1 N1.N2
s i Japan Aviation Hitachi Power Hitachi Power Japan Aviation Japan Aviation Japan Aviation Hitachi Power Hitachi Power
connector maker - - - - I - [Japan Deutsches cqJapan Deutsches cqJapan Deutsches c - Japan Deutsches e, -
: Uimted Lid L Limted .| Limitod Uinited Lid Lid
& |5 temperature measuremetty 4 196 [0 | 120 10 X130 =43 MS25043-18D|MS3106B18-15|uSI102418-1P| CAZ120-9 |M53057-10A|MS3057-10A[MS3106318-15 uszmamaqsusaos? 10A|MS3057-10A[CA2120-9|M53102A18-1P|ME3T06B18- 15[, o) 2
(ther: ‘muw (13g) Sonductors #1 6% 1 0conductods3 13 131 13 13 13 13 13 26 (13 i 13 13 13
onnestor maker _ “ o - - _ _ ey Japan Avition dogan Auion 1 Jagan Ausion |  Jopan Avton | o Avtion | Jugen Avstion | Jagan Aveion Japan Aviation | | Japan Aviation Japan Aviation dogen Avton | jJopan Auton | ﬁ:‘::?:zss _
! 1 Limited Limited Limited Limited Limited Limited Limited Limited imited Limited Limited . Limited
80 24 x 3 N-38 : Msaos%:s,& 43108824~ J285C UA198824-12850 MSSDs?—lSA
8 |shroud temperature measurgmdit € 138 | 1y Fonductors ; HORX] #16%24 cohductors - - ; - y 3 - | - - - F1~F3
1 1 Japan Av\auon Hitachi Power HiashiPower | Japan Aviation
connector maker - - - - - - - - - - - | - E\ecvo q o 1 dustry] - : - | - - -
7 |SBG temperature messwenent 4,26 1 8| A% [18 %37 ypqpq [N39 MS25043-18D MSJIUGBlB-ISMS]IoZME-IP CAZIZO—Q WEI05T- 104 M5 30572108 Mszmams-uysamsa!ms W07 L0 B ! = i _ ~ 61~G3
bkl Tacwm 100¥[12  jaiodio =11 ) #16x%10conductord | 3 11 1 11 1L ' P1~P§
H n Aviation japan Aviation an Aviation Japan Aviation | Japan Aviation japan Aviation viation | Japan Aviation i
‘connector maker -i-1-1- - - |- - Ebctmm-:s |r‘|';45t1y E\ec;:m-:s I:m i Elotimanies inaery E\ecwp:mcs st E\ecu'fms{"msmrEleczfnncsx:ﬁusw E\ecbp:mcs |:djsrry E\ecmmsl:ausm, Electonics Industo] - i - - - -
d Limted Uimied
& |IR power supply (100v 303 g 4 0 | 257] 20 18 HIE 0 [N-5 WET504 3 72D MEIL08D -1 73] MS3102A32-17P: CAZIZO*H Msaos7 FOR M 3057 20K [NEAT08RY: [T NETIBRT T3 M 3057 -20AMS 305 T~ zou‘cuxzo—u usmmz 1TPIMS3106B92-175 [H1~H15
" |TSgrounding 100 120 | ey k4 "x18 1. 2! #4Xd4conductors 16 16 181 18 13 16 18 Bz (18 b 18 1% Q1
Japan Aviatior n Aviation Japan Aviatior Japan Aviation ! Japan Aviation Japan Aviation | Japan Aviation
connestor maker -l - - - - —  [|Eechonksindisty| DK Ltd DDK Ltd E\ecvromcslndu | Eloctonics Industr{Elecronios Indistry|  DDKLW | DDKLW  [Electronics Industy|Elecronis Indisty.Elestonics Industn)  DDK Ltd. DK Ltd -
- S, i Limited Limi _Limited Limited i Limited Limited Limited . _ |
g 3% oo | 30 "o wg |momn| MO0 M525043-18D|MS3106818-15 [MS3102A18-1F c.xznzo ¢ MS3057-10A M33057-10M M53106318-15;MS3106B18-15 MSSOST*IDA MS3057-10A CAZ2120-9 MS310ZA18-1P[ME3106BIB-15] | o
IR power supply (100V 3A) 190¢) 25| 500 cohuctels 3 | #16%10cohductorf 3 & L) ] 8 12§ s_. - __.8 i . .
i Japan Aviation Japan Aviation Japan Aviation n Aviation n_Aviation Japan Aviation i Japan Aviation Japan Aviation Japan Aviation Japan Aviation Japan Aviation
connector maker - - - - - - - - Electronics. st Elcs honies mavstn,Eletaponics Inaustn|Elce banios st Electronics. Industry| Electronics Industn) -
i Limted | _ Limited Limited Limited Limited Limited ! Limited _ Limited . Limited Limited Limited
10| RE coaxial (SMA) sMa {ze |20, 20 |wewa|F7 - - - - - - - Sua Sun - - - - - K1~K20
- - - S . - _ , ; _ _ r+ Suhner/ | Huber + Suhner/ - - - - . .
Gonnector maker ! | RIS comormtan | FEPIG copormtan
, o N-33 - _ _ ~ _ MS3057—6A|HSI106B145-23IM531068145-25[MS 3057 ~6 A B _ _ _
11 fiermanently-eqipped lihtifk O+ | oy | 2 4 L TP IV TV P A ) 2‘ » L1.L2
T Japan Avation | _ Japan Avaton | Japan Aviation | _ Japan Avaton
| connector maker - - - - - - - - = - = = Electronics Industry) Electronics Industny Electronics Industr} Electronics Industry| - - = - -
- - P Limited ite d Limited Limited
L2 NENR 2y N3 ~ M531068145-25 |MSI102A145-2P CAZI‘ZO»A Mszosv—sA M$3057-64 Ms:manusfzs usamsauHs MS3057-6A B B B B "
all system emergency abort SV & 1oy W onductor #16%4 corjductors ™ 1 [ 1 ) 1 1
n Aviation Japan Aviation Japan Aviation n Aviation Japan Aviation Japan Aviation Japan Aviation n tio!
connector maker . - - - - - Electronics. Industry, El T stn, Eloonios oistrt o onics ichsty, Elostonios st Elceonios mastn] Elecmamics mavstr] - - - - -
: B T Uied Limted Limted Limed Uinited Uinkad Uimted Uinied
B | - L _ _ 7 _ _ MS3057-16A[CA2 1201 2|IA3t02A24-T26PC] 1431060241285 _
13|TS thermocouple rday |G- - 120 24 x5 | #16%2 4 cohductors” Lo 5 s s )
i | | Japan Avation | Japan Avation | titachiPower | Hitachi Power
connector maker - - - T - - - - - ‘ = = = - FElectronics De Devige, =
: T w‘ ‘ R S I . ke L ented 1 [R* O
! ! B \ ! T P 11 B 1‘
| i !
HNE NN | —— ‘ I L |

Table 3-2 Table of Feed-through Terminals for Current/Thermocouples (1/2) (Simplified)
Table 3-2 Table of Feed-through Terminals for Current/Thermocouples (2/2) (Detailed)
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for permanently- for permanently-equipped lighting (10A) inside vacuum vessel outside vacuum vessel [ . q _
equipped lightin conggﬁgss oor 58 £
559
for shroud temperature for shroud temperature measurement Eg
measurement
RF circuit (coaxiallSMA)_ . . _ . _ =
waveguide ey
TS signal input/output (5A) A1~100 0
. kel 3895
TSsignal EP (10A) I * b 89
gl ] x 9
s © 3 2=
S c o N a—
o : :
< > IS
[ thermocouple C1~C42 | C - £ e
= calorimeter . D1~D6 = - by
spare thermocouplp thermocouple, calorimeter N =\ =y ~ 9
spare thermocouple s S * §_ %
g 2 £ 5
E1~E13 | & 5 = =
[ ] g 3 g %
100V 30A HI~15 | E w = =
' © - = = IR o
heater _ 100V 3A Ji~Jd6 1.8 @ = power g
- a p L 91 supply ©
2 > =
for SBG temperature measurement G2~3 73 3
] 5 :
for T-QCM L 3 ——
|T-§CM : e o 17-QCM consolef
Gl £ >
|SBG (for facility) i
plug sign

|en1er§ency sfop !

monitor
& control
system

] Comm ——

[note]

(D The cables represented by solid lines in the figure belong to the chamber as permanently equipped items.

(@ The inner-vessel permanent terminal boards, etc., have receptacles onthem, to which plugs can be connected. The terminals indicated by
O require both receptacles and plugs to be prepared by users (for those indicated by @, users are to prepare plugs only.)

(@ Waveguides including feed-through flanges are to be prepared by users for all the systems.

@ Special cables, e. g., for optical signals, Dsub connectors, etc., are to be prepared by users.

® For coaxial cables, flanges with feed-through terminals are permanently equipped on the chamber.

® The temperature of thermocouples is controlled by IR power supplies.

Figure 3-4 WBD Diagram of Feed-through Terminal
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[A[B[CIDIEIFIGIHII]J]

channel No.
plugs (manufactured by JAE)
model: MS3106B18-1S

external input terminal
(manufactured by JAE)

[A[B[CID[E[F[GIHI1[J]

H[G[FIE[DICIBIAL1]J]

vacuum vessel feed-through terminals

[A[BICIDIE[FIGIH[IJ]

inner-vessel
permanent terminal board

ATBTCOIE FICIHIILY]

plugs (manufactured by JAE)
model: MS3106B18-1S
channel No. {AlBICID‘EIFIGIHHm

D500

Figure 3-5 WBD Diagram of Signal Lines for TS
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composition of contacts: #16 X 10
conductors

for TS signals

Al ~ A100
(DC100V 5A)




.

[A[BIC[D[E[F|G{H]

channel No.
plugs (manufactured by JAE)
model: MS3106B22-23S

(A[B|CID|E|F|G]H]

external input terminal
(manufactured by JAE)

f o

[F[EID]C[BIA|G]

vacuum vessel feed-through terminals

|A[B[CID|E[F|GIH]

inner-vessel
permanent terminal board

[AIB[C|D[EIF|G[H]

plugs (manufactured by JAE)
model: MS3106B22-23S |A|B[C|D[E[F[G]|H]

channel No.

Figure 3-6 WBD Diagram of EP Lines for TS
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composition of contacts: #12 X 8

conductors

for TSEP

B1~B11
(DC100V 10A)
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channel No.

plugs (manufacturedbyHitachi@‘we'@I '@‘ |@1 '@| 1@| 1@| I@| IQ ,@|
Semiconductor Device, Ltd). (4757 ¢TpTE TG HTITQK (EILIMIN[PIS [TJU[VWIX[Y]2]
e et 19 ST SV

external input terminal board
(manufactured by Hitachi Poweh [BIC|D|E|F|GIH|J|QIK(R 'f MIN[P]S|TJUlVIWIX]Y]Z

Semiconductor Device, Ltd.) ‘

(DICTBlAUTHIGIFE[KIQ[VIPINIMLIUITIS[RIZ]Y[XIW

vacuum vessel
feed-through terminals

[ATBTCIDTRIFIGIHJJQIK[RILIMIN[P]STJU[VIW[X]Y]Z composition of contacts: #16 X 24
inner-vessel conductors
permanent terminal board

(manufactured by (ATBTCID[ETFIGTHJT6[KIRILIMINIPIS|TIUIVIWIX]|Y]Z]a]b]
Japan Deutsches co.) e

eLey

plugs (manufactured by [ATBICID[EIF[GIR[J ¢ [K[RILIMN[PIS[T]UV IWIXITY|Z]a[b
hes co.
ANy DD DD DDDDOD DO

channel No.

C1 ~ C42 for thermocouples
D1 ~ D5 for calorimeters
..N2 spares

composition of contacts: #20 x 26
conductors

Figure 3-7 WBD Diagram of Thermocouples/Calorimeters for TS, and Thermocouple Spare Lines
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r(D 1 @ 1 D |
channel No. [A|B[C]DIE[F[GIH]|I]J]

plugs (manufactured by JAE)
model: MS3106B18-1S

external input terminal board [A[BICIDIEIF[GIH[I[J]
(manufactured by JAE)

(HIGIF[EID[CIBIA|I]]

vacuum vessel

feed-through terminals [A]BIC[DIEW!GIHI””

inner-vessel
permanent terminal board ~ [ATBJCID[E[F][G[H[I[J]

plugs (manufactured by JAE)
model: MS3106B18-1S [A[BICIDIE|FIGIH]1}J]

channel No. I®'I®I'®I

Figure 3-8 WBD Diagram of Temperature Sensors for TS
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composition of contacts: #16 x 10
conductors

for thermistors,
platinum sensors

E1~E13
(DC100V 1A)
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data acquisition and
conversion board

vacuum vessel [AIB[CIDIE[FIGIH[I[J]

feed-through terminals

[HIGIFTEID[CIBIAIT]J]

inner-vessel
permanent terminal board

composition of contacts: #16 X 10

plugs (manufactured by JAE) conductors
model: MS3106B18-1S  {AIB|C[DI[E]FIGIH]I[J]
channel No.
WB!CIDIEIF]GIHIIIJ] for SBG
L I

J

®

Pt — Co thermometric resistor (4 wire system)

Gl1~G3

Figure 3-9 WBD Diagram of SBG Temperature Measurement
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A|BIC|D

channel No.
plugs (manufactured by DDK)
model: MS3106B32-17S

external input terminal board
(manufactured by DDK) A|BIG D

vacuum vessel D C B A

feed-through terminals

composition of contacts: #4 X 4

] | conductors

inner-vesse

permanent terminal board AlB C D

(manufactured by DDK)

plugs (manufactured by DDK)

model: MS3106B3218-17S -
for 2 kW |

chanmel No. AIBICID or power supplies

H1 ~ H15
(DC100V 30A)

Figure 3-10 WBD Diagram of 2 kW IR Power Supply Rack
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channel No. Q y@—| Ql l@\

plugs (manufactured by JAE) [MB[C]DlEIFlG!Hl [1J]
model: MS3106B18-1S

external input terminal board [AIB[C[DIE{F[G H[I[J]
(manufactured by JAE)

HIG[F[E[DICIBIAL1]J]

vacuum vessel
feed-through terminals AIB[CID[E[F[GIH[1][J]

composition of contacts: #16 X 10
conductors

inner-vessel
permanent terminal board ~ [AIBIC[D[E[FIG[H]I]J]
(manufactured by JAE)

for 60 W power supplies

plugs (manufactured by JAE) [A]BICIDIE[FIGIH]I]J]

model: MS3106B18-15 53 0 ® 0 (DCJlloB\J,(SgA)

channel No.

Figure 3-11 WBD Diagram of 60W IR Power Supply Rack
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Figure 3-15 Thermocouple Socket Contact (manufactured by Hitachi Power Semiconductor Device, Ltd.)
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3.3.1.3. Details of Hard Ports
There are hard ports as shown in Table 3-3 inside the vacuum vessel. Refer to Figure 3-16 for the hard ports
(1) ~ (3) in the Table.

Table 3-3 Table of Hard Ports

No. | location qty | bolt size*! | usage, etc.

(1) | TS supporting bench 45 | M20 helisert insert attached

(2) | supporting bench with cooling panel | 15 | M20 helisert insert attached

(3) | body shroud 64 | M12

(4) | upper part of vacuum vessel 2 support for SBG

(5) | upper part of vacuum vessel for optical bench maintenance *2

(6) | on optical bench 11 | M16 guide for carrying in supporting bench*3
(7) | on work floor 4

*1 Bolts are to be prepared by users.

*2  Even though “optical bench maintenance” is shown here as the nominal usage, the usage is not restricted
and is at users’ choice.

*3  While these screw holes are used for mounting the guide for carrying in a TS supporting bench, they can
be used as hard ports otherwise.

*4 By arranging attachment jigs, the rails on the work floor can be used.
The load capacities of the hard ports are shown below.
(1) TS supporting benches with and without cooling panel

Refer to Table 3-4 and Figure 3-17.

Table 3-4 Load Capacities of Hard Ports

No. | sign name load capacity™
(1) | Fc | compressive load 37262.80 N

(for vertical load)
(2) | Ft | tensile load 43146.4 kg

(for vertical load)
(3) | Fx | X-direction load in horizontal plane | 23534.4 N™!

(4) | Fy | Y-direction load in horizontal plane | 23534.4 N™

(5) | Mx | X-direction moment 1618 N-m

(6) | My | Y-direction moment 98.06 N-m

*1 It denotes the load capacity for shearing, but does not guarantee the prevention of lateral slippage.

*2 It denotes the load capacity for the TS supporting benches with and without a cooling panel, obtained
based on safety factor f = 3.
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Figure 3-16 Configuration of Hard Ports
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I Fx

Figure 3-17 Load Capacity of Supporting Benches with and without Cooling Panel

(2) Body shroud
Refer to Table 3-5 and Figure 3-18.

Table 3-5 Load Capacity of Body Shroud Hard Ports

No. | sign name load capacity

(1) | Ft | tensile load | 588.36N (for vertical load; the total weight per one shroud is to be under 600 kg.)
shearing 294.18N (in the perpendicular direction to the axis; the total weight per one shroud

@ Fe load is to be under 600 kg.)

(3) | M | moment 7.85 N + m (no more than 8 hard points are to be used per one shroud.)

M

= —> Ft D

Fs

0D

Figure 3-18 Load Capacity of Body Shroud Hard Port

(3) Upper part of vacuum vessel (support for SBG) --- Refer to Figure 3-30 and section 3.3.2.1.

200 kg/ hard port (for vertical load)

(4) Upper part of vacuum vessel (for optical bench maintenance)

Even though these hard ports are for “optical bench maintenance”, the usage is not restricted and is at

users’ choice as long as the method below is followed.

These hard ports are attached to the upper side of the vacuum vessel and cannot be used as they are. As

shown in Figure 3-19, they require a rod to be inserted whose user-side mounting section is extended into

the shroud, and users are to place a necessary mounting seat at the end of it.
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from the center 1700

80

vacuum vessel

hard port
shield plate

shroud

mounting seat

Figure 3-19 Schematic View of Hard Port for Optical Bench Maintenance

Pay attention to the following matters when inserting a rod.
(8) Load capacity of hard port: 4,500 kg (for vertical load)
(b) Opening dimensions of the shroud: 180 x 180
That is, the maximum dimensions of the rod are to be manufactured the way they do not exceed
the limit of enabling it to go through the feed-through hole. Furthermore, there may be manufacture
errors between the vacuum vessel and the shroud, and therefore a rod is to be manufactured with its
shroud-feed-through part in as minimized dimensions as possible.

(c) Rod configuration: Be sure to place a mounting seat at the end of a rod to prevent seizure at the thread
part when bending load acts on the rod; that way, the thread part can be protected from the direct impact
of bending load.

(d) Prevention of seizure: The hard ports being SUS 304 products, a rod made of stainless steel requires
caution not to cause seizure at the thread parts. When using a seizure-preventing agent, make sure to
choose one that does not have bad influence on a TS or the vacuum vessel with its outgas, etc.

(5) On optical bench
Refer to Table 3-6.

Table 3-6 Load Capacity of Hard Ports on Optical Bench

No. | sign name load capacity
(1) | Ft | tensile load | 13728.4N (vertical direction)
(2) | M | moment 2353N+*m
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(6) Notes

As mentioned in section 2.2.6, the chamber foundations are isolated from the seismic slab which has
an optical bench mounted upon it. When performing an optical property confirmation test that takes account
of micro vibration, make sure to prevent the vibration from the vacuum vessel not to be transmitted via
hard ports. (ex. by tying the tie-wrap that fixes a TS to the body shroud.)

3.3.1.4. Thermal I/F on TS Supporting Bench

@)

2

Supporting bench without cooling panel

The TS supporting bench without a cooling panel cannot be cooled because it is not equipped with an
LN circulating structure. Meanwhile, the bench has heaters attached to it, which heat the bench during a
test. In other words, it is the balance between cooling by radiation cooling and heating with the heaters that
determines the temperature of the bench. Keep that point in mind when using the TS supporting bench
without a cooling panel.
Supporting bench with cooling panel

The TS supporting bench with a cooling panel can be deliberately cooled with its attached panel through
which LN circulates. The hard ports where a TS or a jig is mounted are thermally insulated from the parts
where LN runs through. That is, the hard ports are cooled only by radiation cooling. Meanwhile, the bench
is heated by a heater as with the supporting bench without a cooling panel. Therefore, enough level of heat
insulation is necessary when mounting a TS or a jig.

3.3.1.5. TS Cooling/Heating I/F

@

General description

When a jig is manufactured for controlling temperature from the TS side, there are flanges available in
the vacuum vessel that supply LNz and GN; for partially cooling and heating a TS, respectively. Refer to
Figure 3-20 regarding to ports for TSs. Some of those flanges are for cooling the work floor and others are
dedicated for a supporting bench with a cooling panel (cf. Table 3-7.)

Table 3-7 List of TS LN Lines

No. | line No. location | application purpose

(1) | LN-3145-20-3HV | body cooling work floor / TS
(2) | LN-3146-20-3HV | head cooling work floor

(3) | LN-3147-20-3HV | head cooling TS

(4) | LN-3148-20-3HV | body cooling TS

(5) | LN-3149-20-3HV | body cooling TS
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Table 3-8 General Description of TS Cooling/Heating I/F

LNz line for partial cooling of TS

GNz line for partial heating of TS

+ 20A X 5lines
+ N-32 nozzle (cf. Figure 3-20)

+ 150A X 3lines
+ N-24 nozzle (Figure 3-20)

CASE.1 shroud on supporting bench lower plane being not used (4 lines are available for |supply temperature: normal temperature

the TS side)
head (2 lines): for work floor — 1 line
for TS —1line
body (3 lines): for TS -3 lines

CASE.2  shroud on supporting bench lower plane being cooled (3 lines are available for

~60C
supply pressure: 0.098 ~ 0.148 MPa

test t item side)

head (2 lines): for work floor / shroud on lower plane of supporting bench — 1 line
for TS —1 line

body (3 lines): for work floor / shroud on lower plane of supporting bench — 1 line

for TS — 2 lines

(2) Feed rate of LNz and GN»
(@) The supply conditions of the LNz supply line are shown in Table 3-9 below.

Table 3-9 Rough Levels of LN, Feed Rate and Valve Opening Percentage

feed rate (Nm®/h) 50| 60|70

valve opening percentage (%) | 24 | 27 | 31

The gasification rate is 35%, and the supply pressure is about 0.098 ~ 0.148 MPa.
(b) As for the GN; supply line, the feed rate is 30 Nm3/h and the supply pressure is about 0.098 ~ 0.158
MPa for the valve opening percentage of 46%.
(3) LN2 supply ports
The LN2 supply ports are connected via Grayloc Connectors (cf. Figure 3-21, tightening torque 260
kg-cm.) Users are to pay attention to the following matters when laying pipes via the Grayloc Connectors
by themselves. (The same cautions are required when laying SBG systems explained in section 3.3.2.1.)
(@) The hubs and seal rings shown in Figure 3-21 are to be prepared by users.
(b) Since it normally takes 3 months to have the hubs of Grayloc Connectors procured (seal rings also take
long for procurement), users are to confirm with the manufacturer (NIKKISO CO., LTD.) for the

procurement lead time when they plan the manufacturing process for laying pipes.

51



This may not be the latest edition.

(4) GN2 supply ports for heating TS
There are three GN2 supply ports for heating a TS in this facility with their inlets at the chamber head
and outlets on the body (cf. Figure 3-20.) The ports have a 150A special VG flange that adopts a metal
tubal O ring. Therefore, users are to pay attention to the following matters when laying pipes by themselves.
(@) The metal tubal O rings (cf. Figure 3-20) and connection pipes are to be prepared by users.
(b) Since it normally takes one month to have metal tubal O rings delivered, it is recommended that they
be ready beforehand. Also, refer to Figure 3-22 which depicts how the flanges of GN, nozzles are
manufactured, when planning for laying pipes.
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Figure 3-20 System Diagram of Ports for TS
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3.3.1.6. I/F on TS Installation Device

A typical procedure of carrying in a TS into the vacuum vessel is shown in Figure 3-23. The operation of the
installation device is basically executed by the facility side.

The assemble work for a TS is performed on the TS installation dolly.

The maximum load capacities on the moving dolly and the TS installation dolly are presented in section 2.2.2.
Their load capacities vary when the CG of a loaded item deviates from their centers. Therefore, the CG of a
loaded item is to be aligned as close as possible to the center of the TS installation dolly. In case the total weight
of a TS and a jig exceeds 2,000 kg while their CGs deviate from the center of the TS installation dolly, contact the
facility operation company in advance.

3.3.1.7. Optical Window and Alignment Window
There are three sets of optical window mounting flanges and nineteen sets of alignment windows installed in
the vacuum vessel. For their mounting I/F positions, refer to Figure 3-3.
(1) Optical window flange
The structure of an optical window flange is shown in Figure 3-24. Users are to prepare optical glass
and flanges referring to this Figure when using the optical window. The surface roughness on the contact
face to the facility-side flange is to be 50 um or less. An optical window flange has an adjustment
mechanism which allows the controlling of the slant that can be up to 5.067 X 10*rad after vacuuming
in the vacuum vessel down to 1 minute (2.9 X 10*rad.) The facility possesses an optical window and
mounting flanges that used to be applied in the old radiometer space chamber. Their specifications and
drawings are shown in Figure 3-25.
(2) Alignment window
There are alignment windows for the purpose of alignment measurement on a TS. Besides the
permanently-equipped alignment window glass which is made of tempered glass, there are eight (4
concentric-type and another 4 eccentric-type) alignment windows (¢96) made of glass (BK7) with a highly-
accurate transmission wave front, which can replace the permanently-equipped alignment window prior to
the execution of a test to satisfy test requirements. Moreover, a theodolite and an ITV device (portable)
shown in section 2.2.8 can be set on the alignment window.
When removing the tempered glass from the alignment window, lay air packing, etc., by way of caution
to prevent damage on the tempered glass in case it is dropped.
The heights from the TS supporting bench to the optical window and to the center of the alignment

window are shown in Figure 3-26.
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Figure 3-23 Procedure of TS Installation
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note) 1. The accuracy of the transmission wave front onthe
50 in the effective diameter ¢96 is within0.1 um.

2. The uniformity of material isAn=5 x 10 or less.

coB

#1123

Figure 3-25 Optical Window

59



This may not be the latest edition.

1220
mist separator S00 permanently-equipped lighting o -
o] o1
jiund m
Sign [ orma name note. \ N
N-21[10004| V¢ optical window | ¥ Tm AT Bsag @ o = 170 1120 [L access door 1
N-22[1000¢ V Gptical window_| SR Y ek aon ) \ L
VG _|_optical window_[yaeeungse= R g i i
N-31] 250A Vi alignment window gﬂmﬂ;}cgﬁésha-gl s s e s e o
N-32| 2507 VG | alignment window | {iRGG8 o P 1\
N-33( 2504 VG | alignment window | {3 i garsuaion f B =
N-34| 2504 VG | alignment window | 35 yhrao - ﬂ \ il - 4 s
N-3s| 250A VG _| alignment window |4 g <> g : -
N-30| 250A VG | alignment window |45 ss = / S - B .
N-37| 250A VG | alignment window [vacuum vessel access dor = 2 1
N-36] 250A v © e
I—I.L__I.I_'
N-3s[250A] 1|V 5 —
N 3,0250A | 1 | Ve 7 Ry g N .| S | )
N-3u[250A | 1 | Ve [ @ H L_-1 o
-3i2)250A | 1 VA ——
“ra|250n | 1|V 7 \ i <+
-314250A | 1 Ve ) — ! L=y
-315250A | 1 Ve OEE(alio he‘\cha
1V oliterwall of vessel inner-vessel work floor
N-314250A| 1 V(¢ optical bench
N-36/250A | 1_|[VG_| alignment window [{3iil-si sl ™ TS supporting bench !
N-8i[s00a] 1_[VG [ alfnmenduniau 14 13 12 :
o
° Sl e
S :
S u—: S 8000 (eflective test area) 220
3 5
i L shroud =
N
TS supporting bench
|
about 1 100 about 100 N3 pbout1730
about 540 [ o rest aset) out 540  inner-vessel work loo e [ dout 1050
K(ec\\"e 1120]3120/1120]1120 {
S
I 989> N H man door E S|
T . =]
S ; o H < > el o 2 =
- S = °
2 & @ £ & oot © g = g
. 1 S S b =
about 630 3 01060 Sf =
- = o L \ g :
S—— o — - = /-! T = f |
! [ H =
| T :
‘ F0 -
. o 1
1300|1300 21680 2160 2060

Figure 3-26 Mounting Positions of Optical Windows

60



This may not be the latest edition.

3.3.1.8. Others (Inner-Vessel Work Floor, Movable Operation Bench, Working Platform)
(1) Work floors inside vacuum vessel (cf. Figure 3-27)

The work floors inside the vessel are used for the work to be performed on them after carrying ina TS

into the vacuum vessel. The load capacity of the work floor is 150 kg / piece.
(2) Movable operation bench (cf. Figure 3-28)

There is a movable operation bench for accessing the man door and the optical window. It is available
to users when necessary.

(3) Working platform (cf. Figure 3-29)

There is a working platform for mounting an SBG or accessing the upper part of a TS in the vacuum
vessel. The maximum load mass and usable dimensions are shown below. The assembly and operation of
the platform are to be executed by users.

(@ Max. load mass

@O Working platform floor 150 kg

@ Working platform flip-up floor 100 kg

@ Working platform ladder 100 kg
(b) Usable dimensions

@O Max. usable height 3,505 mm

@ Storage height 1,705 mm
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3.3.2. Power Supplies for Heat Sources

(1) Composition of components

This ma

y not be the latest edition.

The composition of primary components in the power supplies for heat sources and a system diagram

of the holistic system are shown in Table 3-11 and Figure 3-33, respectively. Also, an inter-connection

diagram of power supply racks is shown in Figure 3-34.

Table 3-11 Composition of Primary Components in Power Supplies for Heat Sources

name of component model #, etc. gty note
(1) controller HF-W7500 / model 30LX 1
(2) setting PC Endeavor Pro7500 1
(3) power supplies for heat gty of power supplies:
sources
(a) 6mo 60W power supply rack -1 | by AES/ Matsusada Precision Inc. 1 set 25
{(by6me 2 kW power supply rack -1 | by AES/ Matsusada Precision Inc. 1 set 10
(c) 6meo 2 kW power supply rack -2 | by AES/ Matsusada Precision Inc. 1 set 10
(d)y6me 3 kW power supply rack -1 | by AES/ Matsusada Precision Inc. 1 set 10

data acquisition system

‘ TR power supplies
setting PC

H

IR power supplies

controller

switching hub

temperature
measurement
point

temperature
measurement rack

heater panel, etc

switching hub

60W
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(incl. “stabilized DC power
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controlling controller

controlling controller

controlling controller

controlling controller

external input terminal board

‘ vacuum vessel feed-through terminal for EP ‘ ‘vacuum vessel feed-through terminal for thermocoupl%

Figure 3-33 System Diagram of Holistic System

65




This may not be the latest edition.

power sﬁ k rack- 1
(i [ T T e
[ H2 | w2 H2|H2|7
T o o b fmmnd]
[ra [ wa Ha | Ha fTlpmmersumiy o)
[ 05 | s Hs | Hs Ii 3w ]
~~ ) power I -
| H6 | H6 % é H6 | H6 i power supply 1, 2
| H7 | H7 é é H7 | H7 I power supply 3, 4
el 2| | 2 [wlw] i
| H9 | H9 g g H9 | H9 i power supply 7, 8
= =
[Hi0 [ Hi0 | 8 8 | Hio | Hi0 | A p°WerS“pp'V9'1§
bower supply rack - 2
(o Lo i [ oo
used by facility| H12 H-12 |used by facility
| H13 | H13 H13 [ H13 |1 powersumplys.6,
o T i T s ez
[ Hi5 [ His H15 [ H15 |——— powersupply 9, 10
. . powerggrys/ly rack
[(n [ n ]| < S| 1 | n [
> >
[ 2 [ » 3 g8 | » | 2 —
| B3 | 3 g E,: 3| B ——
[ 4 | é é u | ow
[(5 [ 5] 8 g 15| 13 —

Figure 3-34 System Diagram of Power Supply Racks for IR Heaters

66



This may not be the latest edition.

3.3.3. Control Mode
3.3.3.1. Control System
(1) Control system of this power supply rack
The control system of power supply racks is shown in the following Table 3-12.

Table 3-12 Control System of Power Supply Rack

based on temperature at one point

based on averaged temperature
among multiple points
PID control (=temperature control) based on temperature difference at

one point

temperature control in broad definition

based on averaged temperature
control

difference among multiple points

ON/QOFF control

with load resistance value input

constant power control
without load resistance value input

manual voltage output control

local control

(2) Grouping of multiple power supplies
Power supplies can be grouped for simultaneous operation. The grouping is possible only for the power
supplies on the same rack. The grouping of power supplies for simultaneous controlling can only be applied

to PID control and ON/OFF control.
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3.3.3.2. Temperature Control
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PID control denotes the controlling of temperature by using the PID commands sent from a PLC. The control

methods and descriptions of PID control are shown in Table 3-13 below:

Table 3-13 Control Methods and Descriptions of PID Control (1/2)

number of target point(s) of ) o )
control controlled brief description of controlling
temperature control
channels
based on
1 temperature The temperature of 1 temperature channel is
temperature — .
. channel controlled to be as designated.
at one point
based on
averaged
temperature Max of 10 The average temperature of multiple
temperature — temperature channels is controlled to be as
among .
channels designated.
multiple
points
The temperature of 1 temperature channel is
controlled to be at a constant difference from the
1 temperature channel
temperature of a reference control temperature
channel.
control power | The temperature of 1 temperature channel is
supply based controlled to be at a constant difference from the
on temperature | temperature of a temperature channel of the
1 at one point reference control power supply.
control power
power :
supply based The temperature of 1 temperature channel is
based on supply d trolled to be at a constant difference from th
temperature | 1 temperature on average controlled to be at a cons an_ ifference from the
. temperature average temperature of multiple temperature
difference at | channel
one point among channels of the reference control power supply.
P multiple points
The temperature of 1 temperature channel is
control based .
controlled to be at a constant difference from the
on temperature .
. temperature of a temperature channel designated
ower | atone point
P by the reference control power supply group.
supply | control based The temperature of 1 temperature channel is
group on averaged controlled to be at a constant difference from the
temperature average temperature of multiple temperature
among channels designated by the reference control
multiple points | power supply group.

68




This may not be the latest edition.

Table 3-13 Control Methods and Descriptions of PID Control (2/2)

number of target point(s) of ) o )
control controlled brief description of controlling
temperature control
channels
The average temperature of multiple
temperature channels is controlled to be at a
1 temperature channel )
constant difference from the temperature of a
reference control temperature channel.
The average temperature of multiple
control power .
temperature channels is controlled to be at a
supply based .
constant difference from the temperature of a
on temperature
. temperature channel of the reference control
1 at one point
power supply.
ower | control power .
based on P P The average temperature of multiple
supply | supply based .
averaged on averaged temperature channels is controlled to be at a
temperature Max of 10 g constant difference from the average
. temperature )
difference temperature among temperature of multiple temperature channels of
amon . . the reference control power supply.
_g channels multiple points p pply
multiple .
noints The average temperature of multiple
control based temperature channels is controlled to be at a
on temperature | constant difference from the temperature of a
at one point temperature channel designated by the reference
power control power supply group.
suppl The average temperature of multiple
i control based g P . P
group temperature channels is controlled to be at a
on averaged .
constant difference from the average
temperature .
amon temperature of multiple temperature channels
-g . designated by the reference control power
multiple points
supply group.

3.3.3.3. ON/OFF Control

The definition of on/off control is that temperature is controlled with the voltage output of a power supply

turned off when the upper temperature limit is exceeded, and turned on when the lower temperature limit is

exceeded.

For this control method, the preset ON/OFF control voltage is applied as the output voltage (ON/OFF control

voltage = voltage load tolerance.) On/off temperature control can only be achieved in controlling based on

temperature at one point.
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3.3.3.4. Constant Power Control
The constant power control function is based on the control methods as follows. Controlling is executed every
10 seconds.
(1) With input of load resistance value
Constant power control (with load resistance value input) denotes current control which keeps the
theoretical current calculated from the specified power and load resistance levels. The basic idea is that a
heater generates the specified power when theoretical current is applied to the heater. (Here, the variation
of heater load resistance is not taken into account.) Based on the theory, the control current value to generate
the target EP at the heater is calculated. Then, the calculated current/voltage values are transmitted to the
power supply via LAN.
The EP of measurement data is obtained by the following equation.

EP (P) = 12 x R [current x current x resistance]

(2) Without input of load resistance value

For constant power control (without load resistance input), initial current is applied to a circuit to obtain
its resistance, from which to derive the current level required to achieve the constant control on the target
output power (output voltage x output current) of a power supply, which is executed via feedback control.
The circuit resistance is updated every 10 seconds for correction.

To be precise, the current levels at the forementioned process are varied in stages, during which the
output voltage of a power supply is measured. Then the approximate circuit resistance is derived from the
output voltage/current of the power supply, using which the output power from the power supply is
controlled to achieve the target EP.

That is, a power supply is controlled the way its output EP, which is calculated from the output
current/voltage of the power supply, achieves the preset target EP. The power supply is used in a constant
current mode to ease the influence of the variation in load resistance. The output current/voltage from a
power supply are obtained via LAN, to which then feedback controlling is applied.

3.3.3.5. Manual Voltage Output Control

Via the manual voltage output control function, voltage arbitrarily set by users can be output. To be precise, a

power supply can be controlled the way the voltage preset in the “setting PC” or the “controller” can be output.
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3.3.3.6. Local Control

When local control is designated for a power supply from the setting screen, the corresponding power supply
can be locally operated on its own (by turning its current/voltage output knob.)

The power supplies for local controlling designated by the setting screen can also measure voltage/current
output, which is sent to PC and recorded thereat, as in other controlling methods.

Local controlling is also applicable to the 60W power supplies pre-installed in the 6m¢ chamber, as one of the
controlling types they can deal with.

Local controlling is possible even when the “setting PC” and the “controller” are not in operation (data cannot

be recorded in that case.)

3.3.4. Limit Function
The limit function can be classified into the three control operations as follows according to the detected
items.
(1) Alert
When the limit that does not require the immediate stop of controlling is chosen to be applied,
controlling is sustained while displaying an alert and outputting a PC alarm. It is up to users then whether
or not to change control conditions or to take other countermeasures.
(2) Survival mode
When all the target temperature levels to be controlled turn out to be abnormal, temperature controlling
is judged as not continuable. When temperature control is stopped, an immediate temperature drop of a TS
is avoided by maintaining the heater output only to the ratio [%] preset as the control output for the survival
mode case to that at the point of abnormality detection. (The percentage of sustained output is determined
based on the output at the point when abnormal temperature output takes place.) Then, an alert shows up
on the display while PC/power supply rack alarms go off.
(3) Control abort
Control is stopped when it cannot be sustained due to the abnormality of hardware. Then, an alert shows
up on the display, while PC/power supply rack alarms go off and the stop/abnormality lamp turns on.
Tables 3-14 (1/3)(2/3)(3/3) show the items to be detected by the limit function, immediate control reactions,
and the control methods in which the corresponding failures are prone to take place. Alerts are output to the

setting PC and power supply racks. Table 3-15 shows the actions of alert for individual detected phenomena.
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Table 3-14 Table of Limit Functions (1/3)
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P1D control
based on
based on
averaged manual
averaged based on constant
) control based on temperature | ON/OFF voltage
detected item content . temperature | temperature . power
reaction temperature . difference control output
. among difference at control
at one point . . among control
multiple one point .
. multiple
points .
points
Control temperature exceeded the preset temperature
o alert O O
) preset temperature upper limit.
limit Control temperature exceeded the preset temperature
o alert O O
lower limit.
Average control temperature exceeded the average lert o
aler
) average temperature | temperature upper limit.
limit Average control temperature exceeded the average lert o
aler
temperature lower limit.
Control temperature difference exceeded the preset lert o
aler
@) temperature upper limit.
difference limit Control temperature difference exceeded the preset lert o
aler
lower limit.
Control temperature difference exceeded the preset lert o
aler
%) average temperature | upper limit.
difference limit Control temperature difference exceeded the preset lert o
aler
lower limit.
Temperature change of over 10°C in 10 secs was
temperature . alert O O O O O
observed in control temperature.
(5) | overchange — _
. Temperature change of over 10°C in 10 secs was survival
abnormality ) O O O O O
observed for 30 secs in control temperature. mode
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Table 3-14 Table of Limit Functions (2/3)
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PID control
based on
based on
averaged manual
averaged based on constant
] control based on temperature | ON/OFF voltage
detected item content . temperature | temperature . power
reaction temperature . difference control output
. among difference at control
at one point . . among control
multiple one point .
. multiple
points .
points
About all the target temperatures to be controlled;
- Temperature data cannot be acquired for 1 minute. )
temperature data . . survival
(6) . + Measurement failure due to wire breakage of O O O O O
abnormality . mode
thermocouple, for example, took place in temperature
data.
(7) | preset EP upper limit | Control EP exceeded the preset EP upper limit. alert O
EP load tolerance was exceeded, the excess being 1%
or more to less than 5% of Max. power supply output alert O O O O O O O
output EP upper
® |, . EP.
limit -
EP load tolerance was exceeded, the excess being 5%
control abort O O O O O O O
or more of Max. power supply output EP.
\oltage load tolerance was exceeded, the excess
being 1% or more to less than 5% of Max. power alert O O O O O O O
) output voltage upper | supply output voltage.
limit \oltage load tolerance was exceeded, the excess
being 5% or more of Max. power supply output control abort O O O O O O O
voltage.
Current load tolerance was exceeded, the excess
being 1% or more to less than 5% of Max. power alert O O O O O O O
(10) output current upper | supply output current.
limit Current load tolerance was exceeded, the excess
being 5% or more of Max. power supply output control abort O O O O O O O
current.
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Table 3-14 Table of Limit Functions (3/3)

PID control
based on
based on
averaged manual
averaged based on constant
. control based on temperature | ON/OFF voltage
detected item content . temperature | temperature . power
reaction temperature i difference control output
. among difference at control
at one point . . among control
multiple one point .
i multiple
points .
points
power supply Abnormal data was received in STS command from
(11) i control abort O O O O O O O
abnormality power supply.
communication
. " . output
(12) | failure of power Communication failure took place. . O O O O O O O
maintained
supply
When control input = 2% of Max. output current
heater wire breakage | AND current level < 0.4% of Max. output current
(13) i i control abort O O O O O O O
abnormality in current control (temperature/constant EP control),
heater wire breakage abnormality is determined.
abnormal data from Measurement failure took place due to abnormality in
(14) control abort O O O O O O O
power supply data from power supply.
. . survival
Abnormality took place during PID control. O O O O
mode
. . survival
(15) | PLC abnormality Abnormal response from PLC was received. d O O O O
mode
L. . survival
Communication failure took place. O O O O
mode
power failure ] i
(16) . Power failure or dropping of breaker took place. control abort
detection
(17) | overcurrent detection | Overcurrent was supplied to power supply. control abort
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Table 3-15 Contents of Alert for Each Detection Item (1/2)
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setting PC power supply rack
. control - -
detected item content . setting alarm abnormality
reaction log message buzzer
screen sound lamp (red)
O preset temperature | Control temperature exceeded the preset temperature upper limit. alert light fault alert O
limit Control temperature exceeded the preset temperature lower limit. alert light fault alert O
o light fault
@ average Average control temperature exceeded the average temperature upper limit. alert alert O
temperature limit . -
Average control temperature exceeded the average temperature lower limit. alert light fault alert O
) temperature Control temperature difference exceeded the preset upper limit. alert light fault alert O
difference limit Control temperature difference exceeded the preset lower limit. alert light fault alert @)
average Control temperature difference exceeded the preset upper limit. alert light fault alert @)
(4) | temperature . - light fault
. i Control temperature difference exceeded the preset lower limit. alert alert O
difference limit
Temperature change of over 10°C in 10 secs was observed in control light fault
temperature alert alert O
temperature.
(5) | overchange
- Temperature change of over 10°C in 10 secs was observed for 30 secs in control survival heavy .
abnormality abnormality O
temperature. mode fault
About all the target temperatures to be controlled;
temperature data + Temperature data cannot be acquired for 1 minute. survival heavy .
(6) . abnormality O
abnormality + Measurement failure due to wire breakage of thermocouple, for example, mode fault
took place in temperature data.
reset EP upper light fault
(7 Ipimit PP Control EP exceeded the preset EP upper limit. alert g alert O
EP load tolerance was exceeded, the excess being 1% or more to less than 5% light fault
alert alert O
®) output EP upper of Max. power supply output EP.
limit EP load tolerance was exceeded, the excess being 5% or more of Max. power heavy .
control abort fault abnormality O A A

supply output EP.
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Table 3-15 Contents of Alert for Each Detection Item (2/2)

setting PC power supply rack
. control - -
detected item content . setting alarm abnormality
reaction log message buzzer
screen sound lamp (red)
Voltage load tolerance was exceeded, the excess being 1% or more to less than light fault
alert alert O
©) output voltage 5% of Max. power supply output voltage.
upper limit \oltage load tolerance was exceeded, the excess being 5% or more of Max. power heavy )
control abort abnormality O A VAN
supply output voltage. fault
Current load tolerance was exceeded, the excess being 1% or more to less than light fault
alert alert O
(10) output current 5% of Max. power supply output current.
upper limit Current load tolerance was exceeded, the excess being 5% or more of Max. heavy _
control abort abnormality O A AN
power supply output current. fault
(11) | power supply o heavy .
. Abnormal data was received in STS command from power supply. control abort abnormality O A A
abnormality fault
communication
. L. . output heavy .
(12) | failure of power Communication failure took place. abnormality O A A
maintained fault
supply
heater wire When control input = 2% of Max. output current AND current level < A
eav
(13) | breakage 0.4% of Max. output current in current control (temperature/constant EP control abort faulty abnormality O A VAN
abnormality control), heater wire breakage abnormality is determined.
abnormal data from . o heavy .
(14) Measurement failure took place due to abnormality in data from power supply. control abort abnormality O A VAN
power supply fault
) ] survival heavy .
Abnormality took place during PID control. abnormality O
mode fault
. . survival heavy .
(15) | PLC abnormality Abnormal response from PLC was received. abnormality O
mode fault
o ) survival heavy .
Communication failure took place. abnormality O
mode fault

* /\ denotes that the abnormality lamps and buzzers are turned on only on the power supply racks that contain abnormality-detected power supplies.
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3.3.5. Vibration Control System
Among the work concerning the vibration control system, the preparatory work and operation of a vibration
analyzer are to be executed by users. For using a vibration analyzer, users are to install accelerometers and cables,
and set the analyzer itself by themselves. The points to be taken into account and cautions for the preparation and
operation of a vibration analyzer are shown below. Ask the operation company of the facility for more details.
(1) Accelerometers for different usage purposes
As Table 2-8 shows, there are three kinds of accelerometers prepared in this system for different usage
purposes according to resolution, applied temperature range, etc. The installation sites where they are used
are mostly assumed as below.
(&) 393M33:inside vacuum vessel (shroud, supporting bench with cooling panel, vacuum vessel, optical
window)
(b) 393B12: inside vacuum vessel (optical bench, TS supporting bench)
(c) 393B31: seismic slab
Those accelerometers are not restricted to the locations shown above; 393B31, for example, can be
mounted on the TS supporting bench in the vacuum vessel, as long as thermal insulation measures were
taken by protecting it with insulating materials, etc. (That way, it is applicable in vacuum.)
(2) Accelerometer I/F
(@) Cable connecting I/F

As you can see from Figure 2-11, the cable connection I/F inside and outside the vacuum vessel
are different from each other. Inside the vacuum vessel, accelerometers are connected to the MIL
connectors at the end of the low noise cables stored in the cutouts on the vacuum vessel body shroud.
Outside the vessel, €. g., on the seismic slab, meanwhile, they are connected to the relay box in the
lower pit of the vacuum vessel via twisted wire cables. The wiring from the relay box to the vibration
analyzer is completed in advance. Accelerometers are designated to be assigned to the channels 1 ~ 15
for installation inside the vacuum vessel and to the channels 16 ~ 30 for installation outside the vessel.
As for the former group of channels, the wiring between the inner-vessel MIL connectors and the relay
box is completed in advance.

(b) I/F for installation

The general description of the I/F for installation is provided as follows.

In case there is not enough number of purpose-made plates mentioned below, users are to prepare
them. Accelerometers can be fixed not only to the pre-designated places but anywhere using kapton
tape, etc.

@  Seismic slab
The seismic slab has screw holes for fixing an I/F on it for mounting accelerometers. That I/F
is to be made for the specific purpose.
@ Optical bench
Mount a purpose-made plate on the optical bench as the I/F, using the screw holes on it for

mounting a TS supporting bench guide.
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(@ TS supporting bench
Mount a purpose-made plate on the TS supporting bench as the I/F using the hard ports on it.
@  Shroud
There are purpose-made mounting points near the man door on the body part.
® Vacuum vessel
There are purpose-made mounting points near the manhole at the bottom of the vacuum vessel.
® Optical window
There are purpose-made mounting points on three places at the bottom of the optical window.
(3) Cautions for executing analysis
Acceleration data can be obtained for three minutes at the sampling frequency of 800Hz due to the
restriction of the hard disc capacity. Choose “monitor mode” (ask the operation company of the facility for
details) when long-term monitoring is desired.
(4) Data transfer
The acceleration/displacement data acquired by the vibration analyzer and the FFT results obtained by
post-processing those data are saved in the work station in binary format. There are three ways of
transferring data as below (recording media is to be prepared by users.)
(@) Copy binary data on magnetic tape, and bring it out.
(b) Convert binary data to text data, copy it on a data storage device via LAN, and bring it out in MO.
(c) Copy binary data on a data storage device via LAN in a binary mode, and bring it out in MO (data can
be corrupted during transference unless it is kept in a binary mode.)

When using magnetic tape, choose one with a capacity of 525 MB.

3.3.6. Data Acquisition System
3.3.6.1. Registration of Measurement Conditions

Input measurement conditions following the users’ manual for the system. (Information can be input in a form
of a file.)

The format of the “measurement ID” to be made for measurement ID/mode settings is 8 alphanumeric letters.
Do not use half-width spaces before and after a measurement ID.

3.3.6.2. Data Distribution

After a test, the recorded measurement data is to be CSV-converted and handed to a TS manufacturer.
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3.3.6.3. Content of Data obtained by Data Acquisition System

The data obtainable by the data acquisition system are as follows.

Thermocouple temperature

Calorimeter output

Temperature by resistance temperature detector (labbreviated as RTD hereafter)

T-QCM output

IR power supply current/voltage output

Vacuum pressure

Users can monitor those data from the data displaying devices 1 ~ 4.

The correspondence between the channel numbers of the input signals for the data acquisition system and the

plug signs on the inner-vessel permanent terminal board are shown in Figure 3-4 and Table 3-16. According to

them, for example, the thermocouple lines for a TS (600 channels in total) which do not go through IR power

supplies correspond to the plugs C1 ~ C41, D1 ~ D6, N1~ N2 on the inner-vessel permanent terminal board,

which correspond to the channel numbers 1 ~ 600 in the data acquisition system.

Table 3-16 Correspondence between Acquisition Data and Channel Numbers

channel No. | plug sign | name of data
Ci~41
1~600 D1~6 | TS temperature”
N1~2
613~648 — standard signals
601~612 — spare
649~672
1001~1016 | — T-QCM
3001~3420 | — power supplies for heat sources

Refer to the correspondence table of channels in Appendix A for details.

* Among the pairs of pins, the 12t pair of C14 and C28 is occupied for grounding, which leaves 11 pairs

available.
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3.3.6.4. Resistance Temperature Detector

The output resistance of the RTDs to be connected is to be between 0 ~ 3 kW. They are basically to be JAXA-
certified products. The resistance levels of measurement data are converted into temperature only via the data
processing system. That is, they are displayed as they are in the data gathering system. Refer to the following
figure for how RTDs are connected.

2-wire 3-wire 4-wire

system system system
3} g g
) ) ]
> > >
[ [ c
o o o
o o o

Note) The converters all have a three-wire system.
Figure 3-35 Connection of RTDs

Also, a conversion sheet for resistance and temperature is to be prepared in the tabular format of EXCEL. The
data acquisition system generates an approximate line by connecting the values designated in the sheet with linear
lines. Up to 32 contact points can be specified.

There are default conversion sheets for the ten kinds of RTDs as shown below.

(1) Thermistor (cf. NASDA-QTS-23648A)

THS51CNA501, 102
THS51CNB222, 302
THS51CNC502
THS51CND103
THS51CNE153, 303
(2) Platinum temperature sensor (cf. NASDA-QTS-1043A)
N1043501-90-300, N1043501-91-600

3.3.6.5. Wire Breakage Detection Function and How to Use it
(1) Wire breakage detection function
A detection circuit for wire breakage is installed for thermocouple-adopted temperature measurement
to detect a broken wire in a thermocouple circuit by deflecting signals to the maximum limit, so that
temperature can be controlled to the safety side. The detection circuit for wire breakage is of a voltage
impression type as shown in Figure 3-36. When a thermocouple circuit has no defects, the detection current
for wire breakage flows into a thermocouple.
(2) Wire breakage detection function in 6m¢ Radiometer Space Chamber
The wire breakage detection function in this facility has a high resistance of 10 MQ and voltage of 2.5V
loaded on its input circuit as shown in Figure 3-36. That is, detection current of about 0.25 pA is flowing
to the thermocouple side.
When this detection current for wire breakage is interrupted, the wire breakage of a thermocouple is
detected.
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Figure 3-36 Wire Breakage Detection Circuit

(3) How to use it

As can be seen from (2) above, “0.25 pA X the voltage for the wiring resistance of a thermocouple”
is added to the temperature measured by a thermocouple (electromotive force), because current of 0.25 pA
is flowing to the thermocouple side. That is how wiring resistance increases with a longer wire of a
thermocouple, which pushes up measurement errors derived from the detection current for breakage of
wire. In case of 6m¢ radiometer space chamber, the thermocouple wiring resistance to the facility side is
20Q, which denotes exceeded measurement accuracy of the logger (within ==1°C) when the thermocouple
wiring resistance to the TS side goes over 80Q2.

Therefore, it is recommended to follow the instructions in Table 3-17 when using the wire breakage

detection function.
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Table 3-17 Recommended Usage Instructions for Wire Breakage Detection Function (1/2)
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thermocouple wiring
resistance for the TS

side

80Q or less

over 80Q2

temperature monitor channel

temperature control channel

ON/OFF of wire
breakage detection

function

It can be either turned on or off.

It is recommended to be turned off.

It is to be turned on.

measurement accuracy

-200°C ~ -130°C: Ask the facility
staff because measurement errors
differ depending on temperature
(nonlinear.)

-130°C ~ : within £1°C

-200°C ~ -130°C: Ask the facility staff
because measurement errors differ
depending on temperature (nonlinear.)
-130°C ~ : within £1°C

The following accuracy can be assured if system
calibration is executed in advance using the wiring
resistance of a thermocouple.

-200°C ~ -130°C: Ask the facility staff because
measurement errors differ depending on
temperature (nonlinear.)

-130C ~ : within £1°C

screen display for wire

breakage

When wire breakage detection
function is on :

The data display area shows
“breaking of wire.”

When wire breakage detection
function is off :

The graph display of temperature

becomes unstable.

In the data display area and the graph
display area;

+ The graph display of temperature
becomes unstable.

+ Abnormal values are displayed.

The data display area shows “breaking of wire.”
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Table 3-17 Recommended Usage Instructions for Wire Breakage Detection Function (2/2)

thermocouple wiring over 80Q
resistance for the TS 80Q or less ]
" temperature monitor channel temperature control channel
side
With no wire breakage, normal + With no wire breakage, normal + When wire breakage takes place, the heat
temperature measurement is temperature measurement is possible source power supply maintains the preset values
possible regardless of the wiring regardless of the wiring resistance of a (e. g., 50% output, etc.)
resistance of a thermocouple. thermocouple. + When system calibration is required to be
+ When unstable temperatures or executed by the facility staff prior to the
abnormal values are indicated, it is installation of a TS into the chamber, that is
. possible to check the existence of wire subject to additional charge to cover calibration on
how to use the function ) ) )
breakage by temporarily turning on the about 30 channels a day in the chamber. Re-
(including restrictions, ) ) ) ) o )
wire breakage detection function. execution of system calibration will be necessary

cautions, etc.) .
after the test to restore the facility to the pre-test

state (which costs the same amount of charge as
above.)

Users are to prepare a list of channels to be
calibrated and thermocouple wires with the
equivalent resistance as of those used for the test

in advance.
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3.3.6.6. Cautions

The data input device, the data gathering device, and the data processing device have their power supplied

from the uninterruptible power supply. When power failure takes place, take measures, €. g., normal termination

operation, etc., within the operation time (10 minutes) of the uninterruptible power supply system.

3.3.7. Utility Facilities
3.3.7.1. Clean Booth I/F

@)

2

®3)

(4)

(5)

(6)

General operation procedure

The outline flow of executing an optical performance confirmation test on a TS in the clean booth while
mounted on the moving dolly is shown in Figure 3-37. It is to be noted that in the procedure of carrying
the moving dolly into the vacuum vessel, when its ducts have to be removed, the clean booth cannot
maintain the cleanliness of ISO5[1S014644] (class M3.5, equivalent of class 100 [FED-STD-209E].)
I/F inside clean booth

The effective test area (volume) in the clean booth is 3,500 mm (width) X 5,000 mm (depth) X
2,110 mm (height, with a clearance of 100 mm from the thermohydrometer.) (cf. Figure 3-38.)
Required time for achieving 1SO5 [ISO14644] (class M3.5, equivalent of class 100 [FED-STD-209E])

It takes about thirty minutes to establish an 1SO5 [ISO14644] (class M3.5, equivalent of class 100
[FED-STD-209E]) environment in the clean booth with no personnel inside.
Max. capacity in the room

The clean booth can hold up to three people.
Monitoring of temperature/humidity

The temperature and humidity data inside the clean booth can be monitored and checked during the
operation of the clean booth from its operation console via three points for each of temperature and
humidity. Among the three points, the temperature and humidity of the one in the center are recorded and
saved in the data acquisition system.
Configuration of related equipment

The usage of the clean booth requires air-conditioning ducts to be configured, and therefore limits the

usable range for setting test-related equipment next to the chamber as shown in Figure 3-39.
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1, After connecting the TS installation bench to the vacuum vessel, move the clean booth into the vacuum vessel.
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Z. After disconnecting the TS installation bench from the vacuum vessel,
mount a TS on the installation bench using a crane.
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=
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3. After connecting the TS installation bench to the vacuum vessel again, move the clean booth onto the

installation bench.

Figure 3-37 Outline Flow of Clean Booth Operation
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3.4. Facility Belongings
This facility is equipped with the following connectors, etc., necessary for obtaining data during a test, which

can be rented out for users. The procedures for renting and returning the items are shown under the table.

Table 3-18 List of Facility Belongings

item usage purpose model # owned gty

connector (plug) [for signals, EP, IR power supplies, and |MS3106B18-1S -

RTDs MS3106B22-23S —
MS3106B32-17S —
for thermocouples AFD56-16-26SN -

JA3106B24-J28SC —

socket contact™  |for thermocouples 0603-34-2039 -
105372 -
NM-104-845#1 -
NM-104-845#2 -

calorimeter for radiation intensity measurement ST4356A 30
T-QCM for contamination monitoring MK-10 sensor 4 sets
MODEL1900 processor

MODEL1800 temperature controller
* Socket contacts (for thermocouples) are crimp-type, and are therefore not reusable. Users are to prepare

them by themselves. In case they cannot be procured on time for the schedule, those equipped in the facility
are also available. In that case, make sure to return equivalent items later.
Note) Users are also to prepare plugs by themselves as much as possible. In case they cannot be procured on
time for the schedule, those equipped in the facility are also available. In that case, users are to pull out

the pins of thermocouple plugs, or clean solder off other equipment before returning them.

[Procedures for Renting and Returning ltems]

(1) When renting items, users are to fill in the acknowledgement form of rent (prepared by the operation
company of the facility) with the names, quantity, etc., of necessary items.

(2) The items are to be returned as soon as the tenancy is over. Expendables (e. g., socket contacts, etc.) are to
be replaced by the same number of the same new items.

(3) The items with solder applied (e. g., connectors, etc.), if any, are to be returned after wiping off the solder
clearly, or to be refilled with the same number of the same new items.

(4) The operation company of the facility will explain anything not yet clear to users concerning the procedures

for renting and returning items.
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3.5. Building I/F
(1) Preparation room
This room, where the chamber is located, is used as a working area for users to carry out preparatory
work and tests.
(a) Gradient of floor and load capacity
The floor of the preparation room has a gradient of 3/1000 or less because the TS installation device
moves on it. The floor therefore has a specified load capacity, which is 9.8 kPa for widely-spread load
and 7.85 MPa (= compressive strength of floor coating material. The compressive strength of concrete
(for temporary load) is 23.8 MPa) for concentrated load (e. g., casters of a bench, etc.) The floor
requires prior curing even for an item weighing less than the specified load capacity if it has any
possibility of damaging the floor.
(b) Hand-pallet truck
A hand-pallet truck can be used for moving heavy items in the preparation room. There are large-
size and small-size hand-pallet trucks. The former is the same as the TS installation dolly (cf. section
2.2.2), with the same dimensions and capacity. The basic descriptions of the smaller hand-palled truck

are shown below.

Table 3-19 Basic Descriptions of Hand-pallet Truck

hand-pallet truck (small)
dimensions | 1,230W x 1,600L x 193H

capacity 2,400 kg

When moving a TS, etc., using the larger hand-pallet truck, it is convenient to use the satellite
mounting bench (large) (cf. Figure 3-40.) Its mass and the maximum load mass are 2,100 kg and 4,000
kg, respectively.
(c) Temperature/humidity monitoring
The temperature and humidity in the preparation room can be displayed on a portable monitor.
(d) Particles (cleanliness)
Particles are being counted by the dust counter located in the preparation room.
(e) Max. capacity in the room
The preparation room can hold up to 15 people.
(2) Measurement and control room

Users carry in check-out devices, etc., into this room, for performing data analysis, etc.
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(3) Distribution boards for users

The installation sites and usage purposes of the distribution boards and plug socket boards necessary
for performing a test are shown in Table 3-20. Each distribution board has a plug socket board at the lower
part of itself. In addition to that, LS-1B and 1C each has a surface plug socket board (A.) Refer to Figure
3-41 for their locations. The WBD diagram of distribution boards is shown in Figure 3-42. The
specifications of the plug socket board at the lower part of a distribution board and the surface plug socket
board (A) (configuration of sockets) are shown in Figure 3-43.

Since the distribution boards are also connected to the emergency power supply system, they can all
gain power from the private power generator in the power building in case the commercial power supply
is interrupted. It takes about 10 minutes before the private power generator finally gets to supply power,
which then starts supplying power to the distribution boards in the order of priority. Likewise, power failure
takes place for about 10 minutes at the time of power restoration by the commercial power supply.

Table 3-20 List of Distribution Boards for Users

distribution board # installation site usage purpose
LS-1B preparation room for sockets and devices
LS-1C preparation room for sockets and devices
LS-1E fore-room for sockets and devices
LS-11 measurement and control room | for sockets and devices
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Figure 3-41 Configuration of Distribution Boards/Plug Socket Boards
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Confizuration of Sockets

3200V 3P30A % 2

14 118Y 2P3048 x 1

14100V 2P30A X 5

1100 2P15A ground double outlet x 4

34200V 3P100AF/TEAT MCCB %1 (connectors are on knob terminal block)
14100V 2P100AF/T5AT MCCB %1 {connectors are on knob terminal block)

GMND terminal X 3

Confizuration of Sockets

3200V 3P30A x 2

14118y 2P3048 %1

14100V 2FP304A % D

1 & 100 2P15A ground double outlet > 4
34200V SP100AR/TEAT MCCEB % 1
14100V 2P100DAR/TSAT MOCE %1
14220V 2P B0AF/B0AT MCCEB x 2
GMND terminal % 3
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Figure 3-43 Specifications of Socket at Lower Part of Distribution Board and Plug Socket Board (A)
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(4) Cranes

There are cranes between the unpacking room and the fore-room, and in the preparation room, which
can be used for carrying in a TS, etc. When using them, they are to be operated only by qualified people,
who are always to fill in the specified record form with the track record of use. There is a rail switch
mechanism between the unpacking room and the fore-room crane, which allows the transportation of items
with the crane between the two rooms with the shutter open. The specifications of the cranes are shown in
Table 3-21. Each crane is oil-drip proofed, but a TS is to be protected by a cover, etc., for precaution’s sake.
Refer to Figure 3-45 for the movable range of each crane. The cranes require about ten seconds to be ready

for operation after the “on” button on the pendant switch is pressed due to the installed inverter, while there

is a little time lag before completely stopping after the “stop” button is pressed (same with the case of their

activation.)

The hook is to be wound up to the limit after using the crane.

Table 3-21 Specification of Cranes

installation site unpacking room ~ fore-room preparation room

type monorail hoist type 4.8t doublerail hoist type 4.8t
rated load 4.8t 4.8t

lifting height 11.0m (below hook: 10.71m) 13.6m (below hook: 13.54m)
hoist speed (Min/max) 0.4/4.0 (m/min) 0.4/4.0 (m/min)

traverse speed (Min/max) 1.25/12.5 (m/min) 1.25/12.5 (m/min)

travel speed (Min/max) 2/20 (m/min) 2/20 (m/min)

operation method press button on the floor press button on the floor

Note 1) The speed can be changed by pressing the buttons for low and high speeds.
Note 2) The low speed at the first step is changable. The speed range, however, is within 1/10 of the top

speed.

(5) Unpacking room
The shutter facing the outside has a slight opening, through which rain, etc., can enter the room at the
occasion of typhoon, etc. Therefore, no jigs or measurement instruments are to be placed near the shutter.
(6) UPS for users
There is a UPS available to users in the preparation room. Contact the facility operation company in
advance if it is planned to be used.
(@) Location
Refer to Figure 3-41.
(b) Specifications
(D Max. total output capacity: 15.0 kVA
@ Backup duration: 10 min or longer

® Output rating/wiring number
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Table 3-22 Specification of UPS

output rating wiring # on branch power board

Ul viwi

U2, v2, W2

AC200V three-phase three-wire 50Hz | total: 4 circuits
U3, V3, W3

U4, V4, W4

U5, V5

AC200V single-phase two-wire 50Hz | total: 3 circuits | V6, W6

W7, U7

U8, N8

AC100V single-phase two-wire 50Hz | total: 3 circuits | V9, N9

W10, N10

*  Wiring is to be performed after checking the wiring numbers shown on the branch power board

at site.
(c) Others

A circuit diagram of the branch power board is shown in Figure 3-44.

The total load from the equipment mounted by users is to be 75A or less.
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Figure 3-44 Circuit Diagram of Branch Power Board for Users
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(7) Contamination control

(@)

(b)

(©

(d)

The requirements for optical sensors are becoming more and more demanding compared to general
TSs. That is why this facility executes more strict contamination control than other facilities in Tsukuba
Space Center. Precisely, the following measures are being taken.

(@D Particulate contamination is controlled abiding by 1SO7 [1S014644] (class M5.5, equivalent of
class 10,000 [FED-STD-209E].)

@ Molecular contamination is prevented by refraining from using oil as the lubricant for the sliding
parts of equipment used in the preparation room as much as possible; otherwise, the oil-applied
parts are tightly sealed.

When testing an optical sensor that calls for especially demanding cleanliness requirements, the clean

booth will help establishing the ISO5 [1SO14644] (class M3.5, class 100 [FED-STD-209E])

environment.

The preparation room and the clean booth are designed to retain cleanliness for their Max. capacities

of fifteen and three people, respectively. The number of people exceeding the capacities may fail to

satisfy the cleanliness. Never enter or leave the preparation room without clearly indicating the
entering/leaving state on the management board at the entry/exit.

NVR plates for detecting non-volatile residue are set in the chamber all through a test to check for

contamination on a TS and the facilities. Refer to Figure 3-46 for the installation sites of NVR plates.

It takes about a week to complete the analysis on the amount of contamination, and users may be

required to clean inside the chamber or perform a verification test (including analysis) at users’ expense

when the analysis results suggest the existence of contamination on the facilities (viz. the amount of

NVR on work floor: 1.5 mg/0.1m? or more™). It takes about two weeks to clean inside the chamber and

complete a verification test.

*  Policy for contamination measurement in thermal vacuum tests (GCT-2011023)

inside
chamber
work floor
scavenger cryopanel \
\\ neighborhood
of TS

clean room door

Figure 3-46 Diagram of Installation Sites for NVR Plates
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(e) General cautions in the clean room
The rules shown below are especially crucial for users to follow when using the clean room.
@ Clean garment
Users are to wear one of the following clean garments depending on the cleanliness
requirements of a TS.

ISO5 [1S014644] (class M3.5, equivalent of class 100 [FED-STD-209E]): overall, hood, mask,
boots

ISO7 [1S014644] (class M5.5, equivalent of class 10,000 [FED-STD-209E]): overall, hood, boots
(or shoes, shoes cover.)

ISO8 [1S014644] (class M6.5, equivalent of class 100,000 [FED-STD-209E]): overall (the kind
same as those used in other clean rooms is acceptable), cap, short boots.

When coping with contamination-sensitive surfaces, wear a pair of gloves in addition to the
items above.

For a test in a clean booth, a clean garment that meets class 100 requirements is to be prepared.
For reference, some examples of clean garments (model numbers) used by the facility are shown

below.

Overall: FB102C
Hood: FB405C
Boots: FE652C

Mask: FZ554C
Gloves: Cleanfast1000

manufactured by Toyo Lintfree Co.
*  The clean garments used by facility-side personnels are the kinds to satisfy the cleanliness
standards of both ISO5 and 1SO7 [ISO14644.]

@ Stationary articles
Refrain from bringing in paper into the preparation room to the extent possible. If not

avoidable, choose dust-free paper. As a writing tool, use a ballpoint pen.
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4. Execution of Tests
4.1. Test-related Work Procedure

Each work in the course of a test is executed based on the test implementation plan sheet presented by the TS
side. The following Figure 4-1 shows a general flow of test-related work. (The hatched boxes show the work to be

done by the TS side.)

installation of TS R ir?eomurgc:]ngstest | installation of N g?at;r;gg gof
: R ;
into the building installation device TS in chamber Connector

A 4
checking of TS cables,

thermocouples, cable
routing, and conduction

closing of

start of vacuuming | o
) chamber door |

*2

A

final checking

A 4

. normal dismounting of
cooling of shroud —— esit ipele g — | temperature Grayloc
test /atmosphere Connector
return
v
visual inspection | removal of TS < EjI'ISSTr?sLtIQItIIar![?oESer\zrcT; < carrying out TS
from chamber

*1  ATS is to be left in the fore-room for about 1 hour to wait for the recovery of cleanliness, before being
carried into the preparation room.

*2  Atest schedule is to be arranged the way low vacuuming starts at 13:00.

Figure 4-1 Test-related Work Flow
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4.2. Test Procedure

4.2.1. General Description of Test

In this facility, tests are classified in two ways according to their purposes and methods. Each classification is

described below. The selectable test methods are determined by test purposes. Refer to Table 4-1 for more details.

(1) Classification according to purposes

In this facility, environmental tests, e. g., (2) radiometer optical property tests, (b) IR radiation thermal

balance/thermal vacuum tests, etc., can be performed. The general description of each environmental test

is provided below. The environmental conditions of each test are described in Table 4-2.

@)

(b)

Radiometer optical property test

It is a test for checking the optical properties, etc., of a TS in the high vacuum and cryogenic
temperature simulating outer space and in the atmospheric pressure and normal temperature.
IR radiation thermal balance/thermal vacuum test

Athermal balance test confirms the thermal design, etc., of a TS in the high vacuum and cryogenic
temperature that simulate outer space, while a thermal vacuum test confirms the environmental
resistance of equipment mounted on a TS to the thermal environment in space, that is, high and low
temperatures and the back-and-forth transition between them. IR lamps or heaters are used as the heat

sources.

(2) Classification according to methods

@

(b)

©

The following three modes can be chosen as a testing method.

Mode 1
In this mode, shrouds are started to be cooled after the chamber is vacuumed with a cryosorption
pump to the level passed the discharge-hazardous range. That way a TS can be protected from

excessive cooling. Thermal vacuum/balance tests are basically performed in this mode.

Note) There is a case in which the reached level is found to be in the discharge-hazardous range when
a cryosorption pump is stopped after the shroud temperature is raised during atmosphere return,
depending on the amount of outgas from a TS.
Mode 2

In this mode, the chamber is started to be vacuumed with a cryosorption pump after the shroud is

cooled down, for the purpose of performing thermal vacuum/balance tests. This mode enables the quick

establishment of test conditions when there is no fear of damage on a TS caused by excessive cooling.
Mode 3
This mode denotes a vacuum test in normal temperature. That is, only a vacuum state is established

without cooling the shroud.

The correspondence between test purposes and test methods is shown below.
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Table 4-1 Test Methods Corresponding to Test Purposes

test purpose test method

radiometer optical property test modes 1, 2, 3

IR radiation thermal vacuum/balance test | modes 1, 2

Table 4-2 Summary of Kinds of Tests and Environmental Conditions

kinds of tests ) ) o
) radiometer optical property test | IR radiation thermal balance/thermal vacuum test
environment

(1) chamber pressure [1.33<10*Pa or less 1.33X10*“Pa or less
or atmospheric pressure
(2) IR intensity 20 KW (max) 20 KW (max)
(3) shroud 100K or lower 100K or lower
temperature or 300K (normal temperature)
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4.2.2. Standard Chamber Vacuum Curve, etc.
Figure 4-2 “Standard Chamber Vacuum Curve, etc.” shows a standard chamber vacuum curve in mode 1 (with

no TS placed inside), a standard operation procedure, and a shroud temperature curve.

start of low vacuuming normally at 13:05 |

10:00 12:00414:00 16:00 18:00 20:00 22:00
1

cold water, vacuum gauge I

rotary vacuum pump W
mechanical booster pump #
holding pump W i
+-valve “opened y valve “closed
turbo molecular pump W
scavenger cryopanel W | |
+ valve “opened> + valve “closed>
cryosorption pump W

shroud cooling M‘
shroud heating ———

GN2 leak .

atmosphere return E—

“opening” of low vacuuming

L valve I
10° o« _
\ [ - - 1 GN2 leak
10* 1 mechanical booster pump vacuuming |
\ Gradual atmosphere return is
‘ executed by letting in dry air, taking

10 about 3 hours.

10° shitting to TMP vacuuming after low
= vacuuming to 13.3 Pa
=
9—3’ 10 Al the vacuum valves are closed.
2 The inner-chamber pressure is
&" boosted up then, which is further
o 1 pressurized to reach around 2660 Pa
] by means of GN2 leak, to shorten
% - the dwell time in the discharge-
5 o scavenger cryopanel cooling l hazardous range.
21;) M Sharp drop of pressure when scavenger cryopanel is cooled || note: ¢f 4-3
< T by LN2 to prevent contamination in chamber. L GN2 leak

10 S N —

CSP vacuuming ‘
" ]| Cryosorption pump is activated around 1.33 x 1073 Pa, for l
10 1 further vacuuming. |
. A shroud cooling ‘ ‘ ‘ ‘
107

Shroud is cooled downby LN2 suppliedinto it. The completion ofthis
operation denotes the establishment ofenvironmental conditions for a thermal
. vacuumtest (1.33 x 10 Pa, shroud being 100 K or lower.)
10 Shroud is heated by GN2 running

‘ 4 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ through it. The inner-chamber pressure
at this point is about 1.33 X 10 Pa.

shroud heating

| e

|4 P«
establishment of test environment in abrain ‘ teston TS ‘

300

250 T 1 {_shroud | K

200 \ \ ‘ shroud l /

150 \ \ /

100 \ J
scavenger cryopanel J

50 ‘ ‘ ‘ scavenger cryopanel

0

v

*——

| Shroud Temperature [K] |

Figure 4-2 Vacuum Curve in Standard Chamber, etc.
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4.3. Power Failure Protective Measures

The general flow of measures against momentary power interruption or power failure is shown in Figure 4-3.

(1) Momentary power interruption

@)

(b)

All the devices but the instrument air compressor in this facility are equipped with two-second
momentary power interruption measures, which enables continued operation of vacuum pumps, etc.,
during power interruption of two seconds or shorter.

Even though the instrument air compressor is aborted at the momentary power interruption of shorter

than two seconds, it has no impact on test environments owing to the automatic backup by GNo.

(2) Power failure

@)

(b)

(©

(d)

(e)

®

9

In the power failure of two seconds or longer, all the mechanical vacuuming pumps, etc., are aborted,
except for the cooler for shrouds and scavenger cryopanels. Then, it is to be determined whether to
keep cooling the shrouds to avoid rapid pressure raise or stop cooling them by introducing GN, based
on the power failure duration and the state of excessive cooling protection measures being taken for a
TS. (Generally, continuous cooling of shrouds is chosen while waiting for power recovery.)

When power failure lasts for two seconds or longer, the inner-chamber pressure rises up to the
discharge-hazardous range (1.3 x 10-Pa) in about ten minutes. Therefore, discharge prevention
measures, €. g., shifting a TS into a launch mode, etc., are to be taken as soon as power failure takes
place.

A 15 kVA UPS is prepared in the preparation room for users. It is recommended that the heater systems
(e. 9., power supply for IR heaters) wished to be heated during power failure or the checkout devices,
etc., wished to be controlled and monitored during power failure be connected to the UPS in advance.
Refer to section 3.5 for how to connect the UPS for users.
The power supply for IR heaters and checkout devices not connected to the UPS for users will be turned
off during power failure.

After about 10 minutes of power failure, the emergency power generator in the power building of
Tsukuba Space Center starts supplying EP. Its pre-activation stand-by time and EP capacity vary
depending on the state of its application by other facilities and equipment. Figure 4-4 shows the
pressure transition inside the chamber during an assumed power failure of 20 minutes.

The control device, data processing device, a remote setting PC for the power supply for IR heaters,
communication system, and oximeter are connected to a UPS (uninterruptible power supply) which
can supply power for 10 minutes or longer.

In case power failure is not recovered for 10 minutes or longer, the saved data is to be stored in the
external medium to make provision for hard disc failure due to the forced termination of the data
acquisition system (measurement can be continued.)

The power supply from the emergency power generator in the power building of Tsukuba Space Center
is finite. Therefore, unnecessary lights or devices are to be turned off while the emergency power

generator is supplying EP, for the sake of saving EP to the extent possible.
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(h) Once the emergency power generator in the power building of Tsukuba Space Center starts to supply
EP, high vacuum operation (1 x 10-*Pa or less) can be restarted with the help of cryosorption pumps
(CSP) and turbo molecular pumps (TMP.)

(3) Power restoration

(&) A momentary power interruption takes place at the moment of power restoration when power supply
shifts from the emergency power generator in the power building of Tsukuba Space Center to the
regular power supply.

(b) High vacuum operation can be recovered in about thirty minutes after power restoration unless GN> or
dry air was introduced into the chamber during power failure.
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Figure 4-3 Standard Flow in Momentary Power Interruption and Power Failure
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Figure 4-4 Inner-Chamber Pressure Transition during 20-minute Power Failure

4.4. Other Remarks
(1) Matters to be confirmed for test

The environment in the space chamber is the same as outer space in that it cannot be accessed promptly

even when abnormalities are found on a TS. Bearing that in mind, the following matters are to be checked.

(a) Matters concerning chamber contamination

@
)

®
@
(b)

)
@

®© 0 &

(c)
©)
@
®

@

Whether or not anything with high steam pressure or susceptibility to evaporation from heating is
used in the chamber.

Whether or not commercial products that are not made for the usage in space are being used. (Are
there commercially available glues or adhesive tapes being used?)

Is the applied material less likely to generate outgas?

Whether or not a TS, jigs, etc., that are coated with paint have been put through enough baking.

Matters concerning vacuum

Whether or not there is gas leakage from gas-sealed equipment.

Whether or not there is any chance that MLI might block vent holes (See if MLI does not cover
the vent holes of tanks, etc.)

Whether or not MLI has vent holes, or one end of it is not fixed.

Whether or not there is a problem when inner or outer pressure is loaded.

Whether or not the vacuum seals on vacuum seal connectors have been closely inspected.
Whether or not leakage has been thoroughly inspected in case the vacuum vessel has any feed-

through equipment (waveguide, tube, etc.)

Harmful effects of low temperature

Whether or not the material has low temperature brittleness that can cause a problem.

Whether or not polymer material (rubber, etc.) is used in the parts that become cold.

Whether or not there is any item whose temperature won’t go up readily during normal
temperature atmosphere return. If there is any, it is to be checked if it is equipped with any
mechanism to raise its temperature.

Whether or not a fluid is freeze-proven, if it is planned to be used.

(d) Matters concerning vacuum discharge
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(@ Electric discharge is generally said to take place in the pressure range around 1.33 x 10 ~ 1.33
x 10*Pa, where loading of high voltage may damange a TS due to electric discharge (cf. JERG-
2-130-HB005 Handbook of Thermal Vacuum Test, section 3.7.1.)

@ Itis required that the electric-discharge-hazardous pressure range be determined by the TS side
and reported to the facility-side personnel in advance.

@ Itisto be confirmed that loading of voltage is avoided in the electric-discharge-hazardous pressure
range, or discharge prevention measures are taken in case that is not possible.

(e) Considerations for high pressure gas safety law

@ The facility-side pipes in the vacuum vessel of this facility are not subject to the High Pressure
Gas Safety Law. When users prepare LN2/GN> panels, make sure they are designed not to be the
regulated objects of the law.

(f) The I/F to the facility is to be checked not only by a drawing, but also by visual observation on it.

@ 1/Fto TS supporting bench

@ 1/F to inner-chamber protruding objects (sensors, work floor, tubes, etc.)

(2) Important matters for using this facility
Here, especially important matters concerning the equipment of this facility are provided for the case
of using it. For more detail, refer to the users’ manual of each equipment.
(@) General matters

(D Users are to mount a TS on a TS supporting bench and control the IR heat source power supply
(when used) by themselves, following the users’ manual. (The TS supporting bench is brought in
and out of the chamber by the facility-side personnel.)

@ Especially the domestic products of Aeroglaze Z306 (black), which is used for painting satellites,
tend to generate a big amount of outgas, and therefore is to be refrained from being used inside
the chamber to prevent contamination. When it is used nevertheless, sufficient baking is required
in advance. In case of using paint whose outgas components are unknown, outgas analysis is to
be performed on it, followed by the same procedure as above if it is found to generate excessive
amount of outgas.

(@ The air introduced into the chamber during atmosphere return passes through a drier, which
generates absorption heat from the absorbent filled inside. That absorption heat together with the
compression heat generated from the introduced air sometimes raises the temperature of air
introduced into the chamber (the level of the temperature rise depends on the outdoor temperature
and humidity, reaching highest in summer.) Users are to pay attention to this point when

performing a test on a temperature-sensitive TS, taking necessary measures for it.
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(b) Chamber system

@O When feed-through flanges such as a waveguide or a connector are used on the chamber nozzle

@

for users, they are to be subject to the prior checking on leakage from their vacuum-sealed parts.
The hard ports being made of SUS304, users are to watch out for “seizure” if they prepare screws
that are SUS products whose surfaces are not coated. In case an SUS screw is thrusted into the
helisert of the hard port, enough caution is required to do it by hand at first, for example.
Emergency stop switch

This facility has emergency stop switches, which abort all the facilities when emergency stop

is needed (ex. a person is locked into the chamber.) Users are to check the actual switch with their
own eyes before using the facility.

Emergency stop switch inside chamber
The “switch” consists of the receptacle and plug of an MS connector; the contact point is
disconnected when the plug is pulled out, which activates the interlock to abort the facility.

In case someone was locked into the chamber, he or she has to pull out the switch. The
location of the switch is shown in Figure 4-5.

Emergency stop switch inside control room

It is a button-type switch, which aborts all the facilities when its protection pin is pulled out
and the button is pressed. The location of the switch is shown in Figures 4-6 and 4-7.
Emergency stop switch in preparation room

It is a button-type switch, which aborts all the facilities when its protection pin is pulled out
and the button is pressed. The location of the switch is shown in Figures 4-6 and 4-8.
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@ turn the plug anticlockwise.

Figure 4-5 Emergency Stop Switch inside Chamber
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Figure 4-6 Locations of Emergency Stop Switches in Preparation Room and Measurement & Control Room
Figure 4-7 Location of Emergency Stop Switch on Emergency Stop Console Panel in Measurement &

Control Room
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4.5. Documents to be Submitted at K/O Meeting
The following documents are to be submitted to the personnel in charge of the facility at the K/O meeting.
Test implementation plan
Requirements for the facility (cf. Table 4-3)

List of nonmetallic articles brought into chamber (cf. Table 4-4)
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>>>These requirements are to be submitted at K/O meeting to the personnel in charge of operating the facility.<<<

6m¢ Radiometer Space Chamber

name of test

documentation date :

Year Month Day
facility users’ name note
inner-chamber pressure Pa or less
. |discharge-hazardous range Pa~ Pa
[&)
@
¥ |shroud temperature K or lower
o
: :
S temperature : 23+3C
o
= lenvironment of clean room humidity : 30~ 60%
(preparation room) ISO7 [1SO14644] (class M5.5,
cleanliness : equivalent of class 10,000 [FED-
STD-209E])
test mode mode :

type of test specimen supporting

bench

w/ cooling panel - wi/o cooling panel

power supplies for heat sources

6mo 60W power supply rack -1 :

6mo 2,kW power supply rack -1 :

6me 2,kW power supply rack -2 :

6meo 3 KW power supply rack -1 :

test method, used equipment, etc.

LN2 (GNy) for test specimen notuse use
UPS for test specimen notuse use
vibration analyzer notuse use
notuse use
393M33 :
accelerometer
393M12 :
393M31 :
clean booth notuse use
TQCM notuse use (aty)
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Table 4-4 List of Nonmetallic Articles Brought into Space Chamber

>>>This list is to be submitted at K/O meeting to the personnel in charge of operating the facility.<<<

name of test:

test period:

component

material

application purpose

used amount

TML

CvCM

track record of use

1. test specimen

2. jig

Note 1) It is the basic rule that a test specimen and all the jigs are put through baking in another facility before performing a test on them,

unless they are true with the cases as below.

+ A thermal vacuum test has been already performed on the test specimen and jigs, and the nonexistence of outgas from them is apparent.
 When baking can be proved unnecessary from this list. In that case, never fail to write in the TML and CVCM of the materials.

Note 2) The materials are to accompany their trade names and model numbers.
Note 3) When the used amount of materials is not clear, write in the maximum amount. For silicone grease, for example,
50 g x 2 would be written. When the amount is just a little, write so.

Note 4) If baking is not necessary, provide the basis for that. ex) The amount is just a little, being in the specified levels of both TML and

CVCM.
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Appendix A Correspondence Table of Channels between Terminal

Boards inside Vessel and Data Loggers
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Table A-1 Correspondence Table of Channels between Terminal Boards inside Vessel and Data Loggers

(1/5)
connectors on inner-vessel terminal boards side connectors on inner-vessel terminal boards side
ch serial# ch serial#
# connector] CH PIN material connector model# # connector] CH PIN material connector model#
A copper A copper
L ! B constantan 37 ! B constantan
D copper D copper
2 2 C constantan 38 2 C constantan
F copper F copper
3 3 E constantan 39 3 E constantan
H copper H copper,
4 4 G constantan 40 4 G constantan
C copper C copper
> > J constantan 41 > J constantan
: e g o e
1 C1 AFD56-16-26SN 4 C4 AFD56-16-26SN
7 7 M copper 43 7 M copper
L constantan L constantan
N copper N copper
8 8 P constantan 44 8 P constantan
S copper S copper
° ° T constantan 45 ° T constantan
U copper U copper
10 10 \ constantan 46 10 \ constantan
W copper W copper
11 11 X constantan 47 11 X constantan
Z copper Z copper
12 12 Y constantan 48 12 Y constantan
A copper A copper
13 ! B constantan 43 ! B constantan
D copper D copper
14 2 C constantan >0 2 C constantan
F copper F copper
15 3 E constantan 51 3 E constantan
H copper H copper
16 4 G | constantan >2 4 G | constantan
C copper C copper
17 > J constantan 53 > J constantan
E e 2 o e
2 c2 AFD56-16-26SN 5 C5 AFD56-16-26SN
19 7 M copper 55 7 M copper
L constantan L constantan
N copper N copper
20 8 P constantan 6 8 P constantan
S copper S copper
21 ° T constantan >/ ° T constantan
U copper U copper
22 10 \Y constantan 58 10 \ constantan
W copper W copper
23 11 X constantan >9 11 X constantan
Z copper Z copper
24 12 Y constantan 60 12 Y constantan
A copper A copper
25 ! B constantan 61 ! B constantan
D copper D copper
26 2 C constantan 62 2 C constantan
F copper F copper
27 3 E constantan 63 3 E constantan
H copper H copper,
28 4 G | constantan 64 4 G | constantan
C copper C copper
29 > J constantan 65 > J constantan
30 ol W e 66 6 R Teonemantan
3 C3 AFD56-16-26SN 6 C6 AFD56-16-26SN
31 7 M copper 67 7 M copper
L constantan L constantan
N copper N copper
32 8 P constantan 68 8 P constantan
S copper S copper
33 ° T constantan 69 ° T constantan
U copper U copper
34 10 \Y constantan 70 10 \ constantan
W copper W copper
35 11 X constantan 71 11 X constantan
Z copper Z copper
36 12 Y constantan 72 12 Y constantan
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Table A-1 Correspondence Table of Channels between Terminal Boards inside Vessel and Data Loggers

(215)
connectors on inner-vessel terminal boards side connectors on inner-vessel terminal boards side
ch serial# ch serial#
# connector] CH PIN material connector model# # connector] CH PIN material connector model#
A copper A copper
73 ! B constantan 109 ! B constantan
74 > D copper 110 > D copper
C constantan C constantan
F copper F copper
73 3 E constantan 111 3 E constantan
H copper H copper
76 4 G constantan 112 4 G constantan
C copper C copper
77 > J constantan 113 > J constantan
78 6 o 114 6 o
7 | o NSt AFDS56-16-26SN 10 | c10 conStamtan! AFD56-16-26SN
M copper M copper
79 7 115 7
L constantan L constantan
N copper N copper
80 8 P constantan 116 8 P constantan
S copper S copper
81 ° T constantan 117 ° T constantan
U copper U copper
82 10 \ constantan 118 10 \ constantan
W copper W copper
83 11 X constantan 119 11 X constantan
Z copper Z copper
84 12 Y constantan 120 12 Y constantan
A copper A copper
85 ! B constantan 121 ! B constantan
D copper D copper
86 2 C constantan 122 2 C constantan
F copper F copper
87 3 E constantan 123 3 E constantan
H copper H copper
88 4 G | constantan 124 4 G | constantan
C copper C copper
89 > J constantan 125 > J constantan
50 e o e
8 Cc8 AFD56-16-26SN 11 C11 AFD56-16-26SN
M copper M copper
91 7 127 7
L constantan L constantan
N copper N copper
92 8 P constantan 128 8 P constantan
S copper S copper
93 ° T constantan 129 ° T constantan
U copper U copper
24 10 \Y constantan 130 10 \ constantan
W copper W copper
95 11 X constantan 131 11 X constantan
Z copper Z copper
%6 12 Y constantan 132 12 Y constantan
A copper A copper
37 ! B constantan 133 ! B constantan
D copper D copper
28 2 C constantan 134 2 C constantan
F copper F copper
29 3 E constantan 135 3 E constantan
H copper H copper
100 4 G | constantan 136 4 G | constantan
C copper C copper
101 > J constantan 137 > J constantan
102 ol W e 138 6 R Teonemantan
9 c9 AFD56-16-26SN 12 C12 AFD56-16-26SN
M copper M copper
103 7 139 7
L constantan L constantan
N copper N copper
104 8 P constantan 140 8 P constantan
S copper S copper
105 ° T constantan 141 ° T constantan
U copper U copper
106 10 \Y constantan 142 10 \ constantan
W copper W copper
107 11 X constantan 143 11 X constantan
Z copper Z copper
108 12 Y constantan 144 12 Y constantan
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Table A-1 Correspondence Table of Channels between Terminal Boards inside Vessel and Data Loggers

(3/5)
connectors on inner-vessel terminal boards side connectors on inner-vessel terminal boards side
ch serial# ch serial#
# connector] CH PIN material connector model# # connector] CH PIN material connector model#
A copper A copper
145 ! B constantan 181 ! B constantan
D copper D copper
146 2 C constantan 182 2 C constantan
F copper F copper
147 3 E constantan 183 3 E constantan
H copper H copper
148 4 G constantan 184 4 G constantan
C copper C copper
149 > J constantan 185 > J constantan
e o e
13 C13 AFD56-16-26SN 16 C16 AFD56-16-26SN
M copper M copper
151 7 187 7
L constantan L constantan
N copper N copper
152 8 P constantan 188 8 P constantan
S copper S copper
153 ° T constantan 189 ° T constantan
U copper U copper
154 10 \ constantan 190 10 \ constantan
W copper W copper
155 11 X constantan 191 11 X constantan
Z copper Z copper
156 12 Y constantan 192 12 Y constantan
A copper A copper
157 ! B constantan 193 ! B constantan
D copper D copper
158 2 C constantan 194 2 C constantan
F copper F copper
159 3 E constantan 195 3 E constantan
H copper H copper
160 4 G | constantan 196 4 G | constantan
C copper C copper
161 > J constantan 197 > J constantan
e o e
14 C14 AFD56-16-26SN 17 C17 AFD56-16-26SN
M copper M copper
163 7 199 7
L constantan L constantan
N copper N copper
164 8 P constantan 200 8 P constantan
S copper S copper
165 ° T constantan 201 ° T constantan
U copper U copper
166 10 \Y constantan 202 10 \ constantan
W copper W copper
167 11 X constantan 203 11 X constantan
Z copper Z copper
168 12 Y constantan 204 12 Y constantan
A copper A copper
169 ! B constantan 205 ! B constantan
D copper D copper
170 2 C constantan 206 2 C constantan
F copper F copper
171 3 E constantan 207 3 E constantan
H copper H copper,
172 4 G | constantan 208 4 G | constantan
C copper C copper
173 > J constantan 209 > J constantan
174 6 e 210 6 | pper
15 | c15 NSt AFDS56-16-26SN 18 | c18 COnStAmAN! AFDS56-16-26SN
M copper M copper
175 7 211 7
L constantan L constantan
N copper N copper
176 8 P constantan 212 8 P constantan
S copper S copper
177 ° T constantan 213 ° T constantan
U copper U copper
178 10 \Y constantan 214 10 \ constantan
W copper W copper
179 11 X constantan 215 11 X constantan
Z copper Z copper
180 12 Y constantan 216 12 Y constantan
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Table A-1 Correspondence Table of Channels between Terminal Boards inside Vessel and Data Loggers
(4/5)

connectors on inner-vessel terminal boards side connectors on inner-vessel terminal boards side
ch serial# ch serial#
# connector| CH PIN material connector model# # connector| CH PIN material connector model#
217 1 A COPPer 253 1 4 COPPer
B constantan B constantan
218 > D copper 254 > D copper
C constantan C constantan
219 3 F copper 255 3 F copper
E constantan E constantan
220 4 H copper 256 4 H copper
G constantan G constantan
221 5 C copper 257 5 [¢ copper
J constantan J constantan
222 6 : COE:?S:tran 258 6 E coEZfap:tran
19 C19 AFD56-16-26SN 22 C22 AFD56-16-26SN
M copper M copper
223 7 259 7
L constantan L constantan
N copper N copper
224 2
8 P constantan 60 8 P constantan
225 9 S copper 261 9 S copper
T constantan T constantan
226 10 U copper 262 10 U copper
Vv constantan \ constantan
227 11— | copper 263 11— | copper
X constantan X constantan
228 122 COPPer 264 122 SOPPer
Y constantan Y constantan
229 1 A copper 265 1 A copper
B constantan B constantan
230 > D copper 266 5 D copper
C constantan C constantan
231 3 F copper 267 3 F copper
E constantan E constantan
H copper H copper
232 4 G constantan 268 4 G constantan
c copper [« copper
2 2
33 > J constantan 69 > J constantan
e e
20 C20 M onper AFD56-16-26SN 23 C23 M P AFD56-16-26SN
235 7 PP 271 7 PD
L constantan L constantan
236 8 N copper 272 8 N copper
P constantan P constantan
S copper S copper
237 ° T constantan 273 ° T constantan
238 10 Y COPPer 274 10— COPPer
Vv constantan \ constantan
239 11 W COPPET 275 1 W copper
X constantan X constantan
240 122 CoPper 276 122 copper
Y constantan Y constantan
241 1 A copper 277 1 A copper
B constantan B constantan
D copper D copper
242 2 C constantan 278 2 C constantan
243 3 F copper 279 3 F copper
E constantan E constantan
244 4 H copper 280 4 H copper
G constantan G constantan
245 5 C copper 281 5 C copper
J constantan J constantan
246 5 R Ttz 282 5 R otz
21 Cc21 AFD56-16-26SN 24 C24 AFD56-16-26SN
247 7 M copper 283 7 M copper
L constantan L constantan
N copper N copper
24 284
8 8 P constantan 8 8 P constantan
S copper S copper
24 2
° ° T constantan 85 ° T constantan
250 10 Y Copper 286 10 Y copper
V constantan \ constantan
W copper W copper
251 11 287 11
X constantan X constantan
Z copper Z copper
252 12 Y constantan 288 12 Y constantan
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Table A-1 Correspondence Table of Channels between Terminal Boards inside Vessel and Data Loggers

(5/5)
connectors on inner-vessel terminal boards side connectors on inner-vessel terminal boards side
ch serial# ch serial#
# connector] CH PIN material connector model# # connector] CH PIN material connector model#
A copper A copper
289 ! B constantan 325 ! B constantan
D copper D copper
290 2 C constantan 326 2 C constantan
F copper F copper
291 3 E constantan 327 3 E constantan
H copper H copper
292 4 G constantan 328 4 G constantan
C copper C copper
293 > J constantan 329 > J constantan
e e
25 C25 AFD56-16-26SN 28 c28 AFD56-16-26SN
M copper M copper
295 7 331 7
L constantan L constantan
N copper N copper
296 8 P constantan 332 8 P constantan
S copper S copper
297 ° T constantan 333 ° T constantan
U copper U copper
298 10 \ constantan 334 10 \ constantan
W copper W copper
299 11 X constantan 335 11 X constantan
Z copper Z copper
300 12 Y constantan 336 12 Y constantan
A copper
301 ! B constantan
D copper
302 2 C constantan
F copper
303 3 E constantan
H copper
304 4 G | constantan
C copper
305 > J constantan
e
26 C26 AFD56-16-26SN
M copper
307 7
L constantan
N copper
308 8 P constantan
S copper
309 ° T | constantan
U copper
310 10 V | constantan
W copper
311 11 X constantan
Z copper
312 12 Y constantan
A copper
313 ! B constantan
D copper
314 2 C constantan
F copper
315 3 E constantan
H copper
316 4 G | constantan
C copper
317 > J constantan
318 ol W e
27 c27 AFD56-16-26SN
M copper
319 7
L constantan
N copper
320 8 P constantan
S copper
321 ° T | constantan
U copper
322 10 V | constantan
W copper
323 11 X constantan
Z copper
324 12 Y constantan
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